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General Motors’ use of Nickel alloyed iron 
in Diesels for these Santa Fe streamliners 
cut weight per H. I’. Nickel-chromium 
iron is tougher, retains strength at high 
- "c > mura "4 temperatures, and wears longer. 
Railways, highways and water- «ШИМ 





ways present varied operating 
problems. But each transport 
system agrees operating costs 
can be reduced by utilizing 
modern materials—such as 


Nickel alloyed cast irons. 


For new equipment or re- 
placement parts, take full ad- 
vantage of the money-savings 
made possible by modern metal- 


Іпгеу and engineering. Make 

P. ( £ 28-inch dre dge liners used at Ft. Peck 
Dam. Under identical conditions the 
liner at left above, rolled from plain 
steel wore out after handling less than 
11. million cubic yards. The liner at 
right above cast from Ni-Hard the 
abrasion-resistant Nickel iron—with- 
stood 2-1/2 million yards and afte) іп- 


each ounce, each inch of metal 
carry bigger loads, resist harder 


wear, by specifying the correct 
7 ” spection it was put back in service to 
add millions more yards to its career. 


alloy strengthened and tough- 


ened with Nickel. | 
Mack Mfg. Corp. casts these heavy 
duty truck culinder blocks in their 
own foundry from Nickel alloyed iron. 
Nickel increases machinability, per- 
mits drilling at speeds 1!» times faster 
than in other irons of same hardness. 
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What's Coming-- April P. E. will pre- 
sent the largest and most comprehensive 
group of reference charts, tables and design 
standards that have ever appeared in one 
number. Among the subjects covered will 
be vibration dampers, oilless bearings. steel 
casting design standards, properties and 
applications of copper and brass alloys. 
types of wrinkle finishes, compression-spring 


adjusters, flexible shaft end mountings. 


tables for obtaining WR? monograms. for 


cold-molded materials. and many others. 
And in addition to all this the annual 
comprehensive directory of sources of sup- 


plv for engineering materials and parts 


completely revised and brought up-to-date. 


Cover Pieture—Automatic machine 
for putting cellophane hoods on milk bot- 
tles and fastening the hood with heat-sealed 
tape. Photo. courtesy Package Machinery 


Co. See page 98 for detailed description. 
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EDITORIAL—1l¢ cditors are preparing over 40 pages of 
“high reference” material on more than a dozen different sub- 
jects. Each will be presented in the condensed, informative 
style that makes for quick and easy reference. It's going to 
be just the kind of material you will want at your finger-tips 


all during the veai 


DIRECTORY-1!. . separate section, there will be another 


specialized and authoritative Where-to-Buy Directory of over 
50 pages. It’s the only Directory in which the headings are 
especially chosen to aid product engineers in selecting sources 
of parts, materials, and finishes. Also, listings on engineering- 
department supplies and ACCCSSOTFICS that you regularly use in 
your work will occupy several pages at the end of this Directory 


section. 


ADVERTISING- ,., of course, many pages of advertising 


will supplement the editorial and Directory sections—giving you 
further information. on the products in which you are inter- 
ested. Much of it will be of the catalog and reference type 
tied-in° with the theme of this annual issue. Listings of all 
advertisers will appear in the Directory in bold-face type so 


that you can quickly refer to the advertising on items you need. 
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The Whole Truth Is More Convincing 


RECENTLY THE И лоп. 73-passenger Boeing 
plane. designed and built for transatlantic service. 
passed its Civil Aeronautic \uthority acceptance 
tests. a necessary prerequisite before the ship could 
be put in service. In celebration of this event. Pan 
American Airways put on a half-hour radio broad- 
cast wherein outstanding men of the air-transpor- 
tation industry spoke. As was to be expected. a 
vreat deal of attention was given to stressing the 
safety and dependability of modern aircraft in gen- 
eral and this new Boeing plane in particular. 

This new Boeing ship is much bigger than previ- 
ous airplanes. And the public is usually skeptical 
about things radically new. Perhaps it was foi 
these reasons that several of the speakers em- 
phasized the thought that the design of the ship did 
not involve any new principles but was based on 
the aeronautical design knowledge accumulated 
since the invention of the airplane by the Wright 
brothers. 

\s so frequently happens. over-emphasis may 
resu't in creating the opposite impression. Listening 
to the broadcast. one might have gotten the impres- 
sion that the design of this 413-ton airplane was 
merely a matter of the arbitrary application of 
handbook formulas and the making of draftsman s 
tracings of standardized layouts. Yet that is fat 
from the idea that was intended to be conveved 
and even a layman completely. ignorant of engineer 
ing procedure in the design of aircraft must have 
sensed that this great and wonderful new ship re 
quired a good deal of original engineering work. 

Engineers in. general recognize that aeronautical 


desien holds by a wide margin the first rank in 


engineering. They know about the work of th 
stress analysts who painstakingly calculate the 
effects of every conceivable tvpe of load to which 
the members might be subjected. It is generally 
known that full size and scale models are built and 
subjected to numerous tests to determine their 
strength. detect their weaknesses and check the 
work of the stress analysts. Guesses and assump- 
tions concerning the final design are not permitted. 
Every detail must stand the acid test of performance. 

Likewise. in the manufacture of airplanes. exact- 
ness and quality are demanded and attained to a 
degree that is not equalled in any other industry. 
lens of thousands of separate inspections are made 
in the course of the manufacture of one airplane 
engine and the final running test to which it is sub- 
jected is far more gruelling than anything to which 
и тау be subjected in ordinary flight. 

\t least to an engineer it seems that it would have 
been more appropriate. convincing and effective if 
the. speakers on Pan Americans broadcast had 
omitted all reference or allusion to any thoughts 
that this H -ton ship did not require the solution of 
new design problems—which it certainly must 
have. Instead. they might have in a few brief words 
stressed the great dependability of the wonderful 
engineering achievement and dramatically men 
tioned how painstakingly and accurately the work 
was accomplished and how every detail was checked 
hy repeated tests. Such being the frank and oper 
truth. it would have been much more convincing. 
if properly presented. And the Boeing engineers 
would have received at least a crumb of the great 


eredit which is due them. 
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BALL BEARING TROUBLES 


How to Determine 


Causes 


THOMAS BARISH 


by kxamining Bearings 


{ssistant Chief Engineer, Marlin-Rockwell Corporation 


More than 95 per cent of all ball bearing 


troubles investigated resulted from defective 


mounting, improper operating conditions and 
similar causes which can usually be detected 


by visual inspection of the bearing 


Fig. I 


that has operated under radial load can 


Absence of trouble in a bearing 


easily be recognized. As in these bearings 


which evidently were properly mounted, 
load 


kept clean and properly lubricated, the 


operated under good conditions, 


path of the balls in the highly polished 


shows as a dulled surface similar 


races 
to a lapped surface, wherein the micro 


scopically find grinding scratches have 


been smoothed out. There has been no 


appreciable removal of material from the 


surface, as indicated by the fact that 
there has been no measurable decrease in 
the diameter of the balls. though their 


entire surface has been dulled. 


Other indications that operating condi 


t have been satisfactory are the uni 
formity of the ball paths, their exact 
1 illelism with the side of the races. 
ng correct alignment, and the cer 
the ball track in the race 
licating that the bearing carried a 
I ely radial load. Normally. the outer 
race. if fixed, should carry load for less 
t half the circumference, but in this 


instance either the load rotated or. more 
likely, the outer race crept slightly in the 
thus distributing the ball 
tact around the entire circumference 


housing, con 


Fig. 2 


have operated 


bearings that 
length of 
time under ideal conditions, carrying a 
pure thrust load, show the ball path rid- 


Angular contact 


а ( onsiderable 


ing the sides of the race, approaching the 
edge of the shoulder but not reaching it. 
If the radial-type bearing shown in Fig. 
l had thrust load, its 
ball path would have been off-center. but 


been carrving a 


not as much as shown here for the an 
gular- contact bearing. 

If operating conditions are correct, the 
balls in will 
have their entire surfaces dulled, appear- 


angular-contact bearings 
ing just like the ball paths, but with one 
If a thrust load has 


continuou ly tor the 


important exception 


present entire 
1 
large 


been 


period , орегапоп ind if if was 


enough relative to the radial load to keep 
the balls in contact at all times. the 
balls will show a circumferential band 







as in illustration above, indicating that 


(1) The balls did not normally spin or 
their rotation: (2) Ih 
fatigue life of the balls has been reduced 


change axis of 
because of the small area of ball surfaci 
used; (3) If the bands have appreciabl 
depth 


caused by improper operating conditions. | 


there has been material wea! | 


If when operating under conditions tha! 
cause circumferential bands, the bearing 
setting were disturbed or the load wer 
removed or shifted, the axis of spin of th 
balls shift, 


roughness or noisy operation if the ball: 


would imme «diat 


causing 


have been worn appreciably. 


Fig. 3—The magnitude of the loa 
which a bearing has supported can b 


determined roughly from measurement 


о! the bearing provided the conditi 19 U 
have 


been approximately 4: 


good as shown in Fig. 1 or Fig. 2. The 


operation 


ball contact area, sometimes erroneous! 


considered a point, is actually 


narrow ellipse, the major axis of 
is exactly equal to the width of th 
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Load =P 


50,000 
40,000 
30,000 


20,000 


P = Load per Ball in Lb. 


Marı 


, 


nsion, the 





iown in Fig. l or 


Fig. 2. From 
of the ball 
of the bearing. the 
can be to deter 
ictual load per ball. This figure 
by the total number of balls in 
g and divided by 4.25 will give 
adial load supported by the 


diameter 
geometry 


above used 
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Width = 2a 
2.0 
1.8 
1.6 
1.4 
1.2 
И | Ball Diam. = D 
2 | 
0.8 5/2 
“Inner Race 3 
0.6 2 V2 
2 
04 
[9- 1 1/2 
(е) 
т 1 
2 020 2 15/16 
£ 0.18 £ 7/8 
t 0.16 gp. 
с с 3/4 
P 0.14 “- 11^ 
ы 
% 
i 0.12 2 5% 
«[ v 
+ Е 9/16 
9 
: 0.10 5 Ve 
+ a 
E — 
о - 
о 0.08 5 7/6 
Т b в 58 
о 
t 0.06 
T 5/16 
z 
4 
е 1/4 
- 0.04 
- 3/6 
0.02 a 
0.018 
0.016 
0.014 This chart applies for inner race. 
0.012 For outer race multiply 2a by 0.725 
0.010 
0.008 
bearing. Likewise for total thrust load determined will be only approxima- 
find the load per ball as determined from tions because minor variations in align 
the chart in the same manner as for ment, small shaft deflections, or slight 
radial bearings, and multiply by the num amounts of foreign matter will make the 


ber of balls and then multiply the re 
the ot 
angle which can be determined from 
of the ball path. 


sulting by the con 
tact 


the position 


quantity sine 


Loads as 


ball path appear wider than it actually is 
and thereby the load as calculated by the 
chart will be higher than the load ac- 


tuallv carried. (More on next page) 
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Damage Caused by Foreign Matter 


BALL BEARINGS are particularly sensitive 
to dirt or foreign matter, which is always 
the very 
ball and 


more or less abrasive, because 
high unit pressure between the 
race and because of the rolling motion 
which tends to entrap the pieces, particu- 
larly if they are small. 

In the minds of some, blaming unsatis 
ot ball 


“foreign matter” is merely an alibi of the 


factory operation bearings on 


bearing manufacturer. But the fact is 


that this is most common cause of 


damage to ball bearings. The foreign 
matter may get into the bearing during 
the initial assembly of the machine. dur 
ing repairs. by seepage from the atmos- 
phere into the bearing housing during 
operation of the machine or it might even 
vet in as adulterants in the lubricant. 
The character of the damage caused by 
different types of foreign matter getting 
into ball 


with the nature of the foreign matter. 


bearings varies considerably 


Fine foreign matter or foreign) matter 
that is soft enough to be ground fine by 
the rolling action of the balls will have 
an effect the same as that which results 
from the. presence of a fine abrasive or 
lapping material. The races become worn 


in the ball paths. the balls wear and the 


bearings become loose and noisy. The 
lapping action increases rapidly as the 
fine steel removed from the bearing sur- 
faces adds more lapping material. 

Hard coarse foreign matter such as 
iron, steel or other metallic particles in- 
troduced when assembling the machine. 
produce small depressions of a character 
different 
duced by overload failure. acid etching 


considerably from those pro 
or corrosion. Jamming of the hard parti- 
cles between the balls and the races may 
cause the inner race to turn on the shaft 
or the outer race to turn in the housing. 

Water. acid or 
rials. or corrosives formed by deteriora- 


other corrosive mate- 


tion of the lubricant. produces a type of 
reddish 
etched 


indicated by a 
small 


failure that is 
brown coating and very 
holes over the entire exposed surface of 
the races. Frequently the etching does 
not show on the ball path because the 
rolling action of the balls pushes the 
lubricant. loaded with corrosive. away 
from the ball path. The corrosive oxides 
formed act as lapping agents that cause 
wear and produce a dull gray color on 
the balls and the ball 


trasted with the reddish brown color of 


paths. as con- 


the remainder of the surface. 


aaas 





Fig. @ Fin 


ng laps the ball surfaces and ball races 


foreign matter in the bear 


he wear causing the bearings to become 
halls were 
though still 


loose In this bearing the 


worn 0.002 in undersize 


ilmost perfectly round 





Fig. 6 
terioration (A) 


Three types of race surface de- 
Hard 


matter causes rounded depressions: (B) 


coarse foreign 






Fig. 7 
over the entire exposed surface of the 


Corrosion makes itself evident 





Fig. 5 Нага 


causes small depressions with round: 


coarse foreign matte! 
edges and of various sizes. a type of di 
pression differing considerably from tha 


produced by overloads or corrosion. 


Overloads cause fatigue failure chara’ 
terized by sharp jagged edges; (C) Ete! 


ing causes hemispherical depressions 


race as a reddish brown coatin: al 


small etched holes. 
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Damage Caused by Overloads 


Fig. 8 
of the 
breaking out of the surface laver of steel. 


Overload causes fatigue failure 


material as evidenced by the 





Such a failure starts in a small area and 


spreads rapidly and would eventually 
spread over both the races and the ball 
failure starts 


on inner race. Here the wide ball path 


surfaces. Most frequently 


tter 
de 
di 
ha 


is added indication of excessive loading. 








Fig. 9 
wrong direction on an angular contact 
ball bearing. The balls rode on the edge 
of the race groove where it joins the shal 
low shouldered counterbore and thus 
broke up the race surfaces. Under these 
conditions the balls will frequently break 
up or split. even though their material 
and heat-treatment was perfect. 


- Misalignment and Off-Square 


Ist ball 
path 


2nd ball 
ш path 





— / 
ш Fig. 10. Outer race of a ball bearing 
tel that operated for a short time in perfect 


alignment and then something happened 
| to force the race into an off-square posi- 


tion. The two distinct periods of opera- 


tion are clearly distinguishable. Though 
this hearing was made with specially flat- 


tened race curvature to give increased 


T v» 


al Fig. , \ 


single row 
it had been subjected to off- 


conventional 
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2nd ball 
path 


Ist ball 
path 


cmm 





tilting capacity. the tilting was enough 


greater to jam the balls into the race 


groove hard enough to start a fatigue fail 
ure. Measurement of the damaged bear- 


ing showed that over 3 deg. tilt. ?& in. 
per ft.. could take place before the balls 
would jam into the second or off-square 


ball path. 








square operating conditions. The outer 


race ball path clearly moves from the 





Effect of a thrust load in the 


0] 


ght hand side over to the left and back 
again. The ball path was a full !& in 
off-square in about a 3 in. diameter raci 
жау. The ring itself was tilted only about 

in. but produced a greater change in 
the ball path because of the change in 
contact angle. The inner race had a very 
wide ball path since the ball wandered 
back and 
width. 

Only the 


forth across nearly its full 
retainer in this bearing 
showed deterioration. Neither race failed 
except for a slight roughening from the 
metallic particles which came off the 
separator. The retainer cracked and then 
broke as shown. In fact. almost all sepa 
rator failures in a standard single row 
type of ball bearing can be treced back 
to an off-square condition of either inner 
or outer race. The failure is caused by 


variations in. ball 


speed jamming the 


balls into the separator pockets. 


Pressure between | 


retainer and balls | 


| Rubs | 
inner | 
О 

| 

| | 
| | 
| 

I 

| 


This ball 
retarded 
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Ball path — misalignment or combined 
radial and thrust load - or both 





Ball path produced with perfect alignment | 
and under thrust load only 


гін. Із 


off-square operation. produces the great 


Ball speed variation caused by 


est effect when the balls are never free to 
readjust themselves. as in a tight bearing 
or in a bearing carrying mainly thrust 
load. The variation in ball speed Is then 
accumulative and the two side balls force 
the retainer downward until it strikes the 


inner or outer race. Outer race tilting can 











be easily determined in operation, being 
evidenced by the eccentrically operating 
With 


eccentricity of 


retainer. inner 


the 


race cocking, the 


retainer rotates with 


the inner race. 





Fig. 13А 


solid 


been forced to rub the inner race in the 


retainer which had 


manner just described and to the extent 


of removing about in. of metal from 
the bore of the retainer. The ball pockets 
have also been gouged out considerably 
and all because ot excessive tilt of inner 
hirst 


evidenced by heat resulting from excess 


or outer races. Such conditions are 
ive binding of retainer and by small steel 
or bronze chips breaking off the retainer 


and appearing in the lubricant. 
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Fig. 14 
which ball 
\) Out-of-line 


trouble 


Four types of misalignment to 


bearings may be subjected. 
rarely 


ball bear 


conditions cause 


The usual single row 
ing. not self-aligning type. can withstand 
movement, 16 Іп. 


1, deg. angular per 


toot 


and if matched slightly looser than 
standard will take up to about 1% deg. 
angle, 1g in. per foot, without cramping 


or binding. A shaft a foot long out-of-line 


by more than vs in. would be very un- 
usual. (B) It is far more common to find 
the bearing housing or the housing shoul- 
der tilted or off-square. (C) It is also 
common to have the shaft shoulder tilt 
the Under (B) 


and (C) the same angularities are pro- 


Inner race. conditions 
duced by much smaller errors. On a l-in. 


diam. shaft a 0.005 in. off-square shoul- 








Brinelling and 


\ FEW BALL BEARINGS are brinelled when 
putting them on the shaft by being struck 
a severe blow or by extremely heavy pres- 
sure. But this is rare because most ball 
bearings have enough thrust capacity, at 
10 r.p.m. to permit forcing them onto the 
shaft by pressure against the outer race, 
provided the pressure is applied squarely. 





Fig. 16 
by off-center 


bearing caused 
Only 


three balls produc ed depressions, the cen- 


Brinelling of 


blow in mounting. 
ter mark being the deepest. Shallower 
marks frequently go unnoticed because 
the edges ot the brinelled depression are 
clearly marked ap- 
pears in the surface of the raceway itself. 
are difficult to see 


not and no change 


Hence they under a 
microscope. Such bearings frequently go 
unnoticed in operation because load does 
the ball path to reach the 
brinell marks on the races. However, the 


balls 


will 


not cause 


acquire similar 


make the 


depressions and 


bearing sound noisv or 


der corresponds to !4 deg. angular mi: 


alignment. (D) Shaft deflections rure| 


ж 


matter because shafts мі пепаПу | теді 


before the angularity at the beurir 
reaches 
only on long shafts where diameter: ai 
reduced to an absolute minimum, is о 
wheels ^or  airjlan 


automobile rear 


engine crankshafts. 


< Fig. ІЗ -Inadequate shaft shoulder 
can be crushed down on one side by th 
corner radius of the bearing and lea 
the inner race tilted on the shaft. Th 
corner radius is not always square wit 
the ground exterior surfaces of the bear 
ing, since the corner is just turned and i 
not heat-treating. Hence 
shaft and housing shoulders should b 


ground after 
deep enough to contact the ground sid 
surfaces of the bearing. 


False Brinelling 


The exceptions are the smallest bearing 
and bearings with flatter races such 

propeller shaft center support ball bea 
ings and self aligning types. The rar 
occasions when regular single row ba 
bearings are brinelled usually result fro 
off-center blows or pressure when only 
or 4 balls carry the entire load. 


“catchy,” as though it had several sma 


pieces of foreign matter in it. Failu 
may result at the flat spots on the ball: 
or will occur on the races if carrying 
heavy enough thrust load for the bal 


path to reach the brinell marks. 





Fig. 17 "False Brinelling" — occur 
when bearings do not rotate for ext 
sive periods. Loads may һе re ative 
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14 deg. The exceptions vceu 
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proximately 3 years. The shape of the 
so-called “point contact” of a ball bear- 
ing is shown clearly, although the ellipse 
has been lengthened and broadened by 
the small axial rotational movements of 


the balls. 





ш: 1; .t but slight changes in the surfaces 
weh E „һе raceways result from even minute 
reak avial or rotational movements and these 
ring oriy appear under each ball. This bear- 
сш i which shows 5 sets of markings, 
al served as a dynamometer support for ap- 
lan 





False brinelling produces surface de- 
pressions far more rapidly when balls 
actually skid or slide on the race sur 
faces instead of just rolling: examples 
large axial vibrations in ball bearings or 
centrifugal forces on loose balls in con 
trollable-pitch propeller bearings. 

A thorough technical analysis of this 
subject was presented by J. E. Almen in 
Mechanical Engineering, June. 1937, and 
discussions by the author and Mr. Almen 


in the September. 1937. issue. 
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Fig. 18-— False brinelling pockets occur 
in the presence of vibration without rota- 
tion and can be very greatly deepened 
by abrasive foreign matter. Exposing the 
bearing surfaces to air will oxidize the 

ring: microscopic metal particles freed by the 

h as vibrating movement and these oxides in 

hea turn provide the abrasive action as in the 

ral extreme example shown here. Some dis 

ha cussion has arisen as to whether the abra- 

Iro sion or the oxidation starts first. but the 

nh results are the same. 
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Damage Caused by Heat 





ciallv at the highest speeds and may be: 


(1) Failure of lubricant bw 


source being cut off. lubricant deteriora 


lubricant 
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contamination, (2) 


tion or Excessive 
load, (3) Cramped bearings, either ra- 
dially tight bearings caused by expan 
sion of inner race when pressing on 
shaft or expansion of outer race when 
pressing on housing, or axially tight by 
squeezing one bearing against another; 
(4) Off-square producing heat at re 
tainer; (5) Heat from an external 
source. 

Sometimes the initial cause may be 
diagnosed by noting which parts showed 
the initial heating, the most heating or 


by other similar indications. 
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Fig. 20 -Heat will not onlv badly oxi 
dize separators but will also soften the 
balls and races, and particularly the 
balls because the heat cannot be con 
ducted away from them as rapidly as 
from the races. Liberal lubrication may 
make possible continued operation for 
some time in spite of the partly softened 
halls and races, and the high centrifugal 
forces cause the metal to flow. Thus 
sometimes balls are produced that are 
hollow. causing the wrong assumption 


that they were made that way 
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Ingenious Feed Interlock, Adjustable Heat-Sealing in New Bottle Hooder 
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| BRUSH ON THIS SEGMENT 
WHEN MACH!NE /S /DLING 










EAT, MOVE 































TO DECRE HEAT, MOVE 
| ADJUSTABLE SLIDER DOWN 





Tapr-sealing heaters cannot : 


LA heat when machine is idle. In stop posi 

tion, heater brush on tape reel bracket 

% contacts small low-voltage section of the 

collector ring. which has its resistor set 

Built of corrosion-resistant mate- standard size of milk bottle. Bottles fed to 50 watts. When machine runs. brus! 

rials. this new machine, developed by from a stainless steel plane surface con- contacts the larger higher-voltage seg 

Package Machinery Company. E. Lovell veyor chain are hooded with cellophane. ment through which 70 to 150 watts ar 
Smith. chief engineer. will handle any Hood is fastened with heat-sealed tape. available for tape-fastening heat. 










- Stainless- steel 
E Trip operafed ду бов | 
Conveyor _---~~ engages bottle stopand | 
„тее paper feed. Allows one | 
bottle toenter machine | 
at proper time | 
| 


Ж 
| K 3 
| 7/4 - - Link from operating 
, 4 ; 
| / cam on poc ket-whée 
| / shaft | 


Vertica/ trip 
shaft 


‘Bottle stop and 
poper-feed trip 
operated only whe 
trip paw/ has en 
gaged release fr 


Ауу 7% 
е ‹ 








с “м, ng b 23 7 

а Каи лы 
No bottle—no cellophane. Cello on conveyer, it causes the pawl on the feed trip lever. thus opening trip. TI 
phane feed is interlocked with bottle trip lever operated by сат on pocket lows bottle to enter the pocket wheel. and 
feed. As bottle contacts paper feed trip wheel shaft to engage pawl on paper simultaneously starts cellophane fi 
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Cellophane hood jis formed about bottle as elevator lifts it Center shaft does not revolve: can be raised or lowered to 
into spinner head. This action simultaneously releases clutch fit various bottle heights. Revolving outer column is chain 
on the spinner head drive. revolving head and feeding tape. driven from a vari-speed transmission powered bv ?4-hp. motor. 


Wall Thickness 0.040 In.—Die Cast 











| 
\ 
7 - < 3 > 
Section A-A 
— 

Attachment of cover plate to main 
Practically as thin as if produced a wall thickness of 0.040 in. The zine body is by means of drive screws. Drive 
Iro leet steel. this die cast. blower allov die castings come from the dies screw holes are cored, not machined 
ип part of an automobile heater accurately sized: no further machining Assembly of blower is rapid and easy 
ma tured by E. A. Laboratories. has operations being necessary. Воду lugs are provided for mounting 
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Modern Designs—Chrysler Imperial Fluid Coupling 





Chrysler fluid drive is based on an 
extension of the principle used in the 
English Daimler. It consists of a welded 
steel housing with a ring gear flywheel. 
80 per cent filled with light 
oil. and containing two vaned 


viscosity 
wheels: 
the driver, attached to the crankshaft. 
and the runner which drives through the 
transmission to the rear wheels. In opera- 
tion, the oil is thrown by centrifugal 


force from the driver vanes into the 


runner vanes, thus transmitting engine 
torque to the gear train. Slip is said to 
be low. about 1 per cent. It is claimed 
that all torsional vibrations are damped 
out. Major structural parts are of steel. 
Hubs for impeller 
are forged, impeller housing. runner disk 


and Cover are 


housing and runner 


pressed from cold-rolled 
steel. Fins are stamped from cold-rolled 
steel and spot-welded in place in runner 
disk and impeller housing. 


Clutch housing ventilator 


Clutch housing ventilator 
hole screen 


hole screen —rear 


Runner hub oil seal 
Clutch housing 
Clutch driving plate 


Transmission main 


Filler plug drive pinion 








Clutch release bearing 


HEU 
arid sleeve assembly 


\ 


Transmission main 
drive pimon bearing 


дт CETTE ШІ 


Transmission 


Engine Ы 

сғапкӛһаҒҰ S$ylphon Filler Clutch тоу 
bellows plug driving Clutch housing pan 
sea/ disk ventilator screen — rear 





Screwless Assembly in Molded Developing Tank 


Seven close-fitting parts of chemi- 
Bakelite phenolic make 
up this developing tank. adjustable fo: 
all sizes of film up to 4 by 5 in. By care- 


cal-resistant 


ful design study beforehand on a cellu- 
lose acetate model. and close checking 
of shrinkages and clearances, no mold 
changes were necessary. 
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Turbo-Electric Power Plant on Wheels 










Basically a high-efficieney oil-fired generation, the new Union Pacific elec- development work and testing in the 
steam plant with turbo-electric power tric locomotive is the result of two years’ General Electric Erie works. 
| Battery Train- _ Main , Compressor y Exhaust Condenser fan turbine 
charging heating N, ‘turbines / JP header | Boiler aux. set turbine 
set ға evaporator s, М / / I Z 
E ! d ! /Feedwater pump 
' 
Battery 
! 





, / / \ 
| Traction;’ Exciter’ ‘Mai’ ر‎ 4 
Main . 
| mater / ! generators ' control Traction motors! 
79 7 e / э . . 
— Alternators Feedwoter heater contactors Braking resistor 





Limited space requirements ne- denses and returns all steam used, per- ventilation to condenser tubes. A vacuum 
cessitated extensive design research for mitting continuous runs of 500-700 ejector extracts any small amounts of air 
the condensing equipment, which con- miles. Turbine-driven fans supply forced which might leak into the closed system. 














Trac tion-motor blower 


-Battery 
charging 
set 








' Aux.set 
start 



























' Cond. 
`} Main contro! | pump 
," | i 
> contactors | Oa Cond 
| e | ga pump 
of Traction -ңГ hath Vacuum 
Ё mo? ors | . $90 ——- pump 
a 









' 7l Evapor- 
* Braking resistor «€ ok ك‎ — ГТО vapo 
Б. ct P 04 resistors 7-ь ----> 4 
ee | Aux., 
"TT E. comp. 
! | k pump 
ا‎ 


Complete automatic control of 








generator voltage across the axle-hung ator flexibly connected to the main gen- 
boiler auxiliaries and power units is traction motors. Primary power for erator shaft. Locomotive is braked by 
Provic ıl. Speed is regulated by varying auxiliaries is supplied by an a.c. gener- using traction motors as generators. 
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Machine That Spins, Processes, Dries and Twists 


Viscose Rayon Yarn Continuously 





> 


1) SPINNING 
( Bobbin Method ) 


(6) DESULPHURING, WASHING 
S AND 
(7) BLEACHING, WASHING 


) 


CONE AND 
INSPECT 





TYPICAL FLOW CHART 
FOR VISCOSE 
RAYON SPINNING 





( YONVENTIONAL methods of produc- 
4 ing viscose rayon varn (above) U r 
t SPINNING (аш) балы WIND det 


require. after the thread is spun. seven 


to eight unit operations performed on 


separate machines. Average processing 4-<----- Water 
time is 90 hr., plant investment is high. TO ----- WASH | 
and product lacks uniformity in qual- a ~ = Dilute sulphuric acid | 
ity, since yarn processed in batches is e --------- FURTHER COAGULATION 

оган Water 


| 

А А . . ч ! 

subject to varving intensity of treat- T і 
- ( WASH 

д )е----- 

іші | 


ment. both chemical and physical. | NR Sodium sulphite 


БЛ FR ESULPHUR . 
| mE | ' € к” z Intermediate 
Right The idea that gave promise vo کات ت ت‎ -Water Level 
> À , 4 С... асай Ман WASH ! 
of making continuous processing pos- Trough ------4, СО: i 
‘bl %- nid Р ee - - = - Hypochlorite | | 
sible. with each threa being treated ۱ СІ 22222221 BLEACH 
individually and passing continuously Че Water 
over successive reels. The material em- EIL OG WASH 
! — | Ы. | 
bodiment of this idea presented many لي‎ - ---- Dye or sizing | 
۶ے‎ | 
design problems. One was to cause (TOS .DYE OR SIZE ! 
automatic thread advancement өп the 
reels: ingenious reel design solved this. “-- 
Another problem was to find an eco- Hot water...’ O- 
nomical material resistant to the cor- 2 x 
Lower 


rosive treating chemicals. A special 


SCHEMATIC „OPERATION pe Level 
DIAGRAM OF NEW CONTINUOUS H^ 
VISCOSE SPINNING MACHINE — J| cone ano inspect 


Durez phenolic resin was developed: 
the o6. 100 reels required Were molded 


by the Richardson Company to highly- 





necessary precision limits. 


PRODUCT ENGINEE (ING 

















— 





99 

















ly Principal axis 
— 
‘Eccentric axis 

Reels are essentially two open-ended Diagrammatic view showing thread- Neoprene seal protects individual ree! 
cages. set eccentrically one within the leading method. Since cages do not ro- shafts against the chemical and water 
other with interlocking fingers and sup tate about the same center. relative mo- treatment the continuouslv-advancing 
ported оп а single shaft. tion of alternate fingers advances thread. thread is subjected to at eae h step. 
Spinning. processing and drying end: this stretches the thread as it Drying reel. shown at the right. is made 
reels. Spinning reel. which winds the passes over the reel. Shown at the cen- of impact-extruded aluminum: it dries 
thread as it comes from the coagulating ter, the reel used in the eight inter- and feeds the yarn to a reciprocating 

= | bath. is slightly flared at the discharge mediate steps is of constant diameter. twisting bobbin, fabricated of Insurok. 


v —X c 
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ps 
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Each nluminum drying reel and control air currents. 


Located on the 
through which hot water circulates, runs lower floor level. these reels are gea: 


EIE 





inside a box-like housing to retain heat driven from a central drive shaft. 
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Continuous Viscose Spinning Machine .. . 


was re- 


PRECISION іп 


quired because any variation from 


molding 


exacting tolerances would affect the 
speed of thread travel and ultimate 
thread denier, as well as process con- 


trol and yarn quality. 
t 


Industrial Rayon's $2,000,000 re- 
search and engineering development 
program created a machine that pro- 
duces viscose 


rayon continuously, 


under exact process control. 


New rayon plant has 96,000 reels 
operating in a 312-асге spinning 
room, a capacity of 12,000,000 Ib. of 
viscose rayon per year, employs 
1.000 people and represents an in- 


vestment of $11,500,000. 


{dditional design details will be рге- 
sented in a forthcoming number. 
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Plastie parts molded by the Richard- 





son Company for this machine include 


————————" 


tts Si EL 


e 


jet unions. thread guide 


holders, 


brackets, seal rings, as well as reel cages. 
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ELECTRONIC DEVICES 


For Detecting Variations in Dimensions and Color 


G. C. DEVOL, JR. 


Scanning systems and electronic circuits are described which 


are designed to detect in products dimensional variations from 


standard and to inspect surfaces for variations in color 


HOTO-ELECTRIC and electronic 
controls designed for 
grading and classifying 

products are no longer a novelty in many 

diversified industries. In the detection of 
unlabeled cans, packages and 
cards, photo-electric controls have in- 
creased the speed of production, have 
and also 


inspecting, 
various 


boxes, 


proven to be more accurate 
more economical than methods which are 
dependent upon the human eye. 

It is relatively simple to register. for 
inspection by photo-cell scanning units, 
items such as cans, packages, bottles and 
pieces of mail which are usually handled 
on some type of conveyor. 

Detection of missing labels or labels 
out of alignment, that are of a color 
different than the body of the article, is 


accomplished with reflected light scan- 


Stationary 
condenser plate 


-Moving 
-condenser plate 


Bridge 
oscillator 
See Fig. 2 for 
description 





Fig. Parts and circuit of a micrometer 
in wich a variable capacity or condenser 
effect is employed with a bridge oscillator, 
a rel.« and a meter to indicate the varia- 
tion a dimension from a standard 
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ners placed on the side of the conveyor 
parallel to the article being inspected. 
Normally scanning is while the 
articles are in motion. 

Sometimes where two sides are to be 


done 


inspected at once, stop motion movements 
are employed to gain time necessary for 
inspection. The photo-control amplifier is 
adjusted by biasing the light source so as 
not to operate on the body of the article. 
As this beam is interrupted it places the 
secondary beam in operation. The latter 
scans the side of the box and operates if 
there is a label on the box. If the label is 
missing the control will not operate and 
the interlocking relay will therefore stay 
in a closed position. This relay in turn 
is used to operate a removing device such 
as a solenoid or a compressed air kick- 
off mechanism. 


9 


Fig. 2 


V ice-President, United Cinephone Corporation 





Bridge oscillator used with capacity micrometer shown in Fig. 1. 


A standard multiple-tube an.plifier 
type of photo control is used when in- 
specting colored articles such as beans, 
oranges, peas, tile and pottery. When 
there is a great difference in shade be- 
tween good beans, which are normally 
white, and poor beans, which may be an 
off shade of brown, the latter are ге- 
jected. The control operates whenever a 
dark bean is presented to the eye. 
Where there is but a slight difference 
between two shades of blue it is a more 
difficult matter to separate the articles, 
and efficient apparatus involves the use of 
a very sensitive balanced circuit for the 
photo-electric controls and also necessi- 
tates precision scanning units equipped 
with split prisms and tri-colored filters. 
To obtain the greatest passage of light of 
the particular color being inspected it is 
sometimes revolving 
scanning disks similar to those used in 
television. This allows a small dot of high 
intensity light to intermittently scan a 


necessary to use 


small area. 
This system can be 
large areas such as automobile panels 


used to inspect 


FIG. 2 






i 
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As condenser 


plates approach each other they decrease the capacity which unbalances the oscillatory 
circuit, this allows current to flow in the final amplifier which in turn closes relay 
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Light source 





Movable 
chistter plate 


Moving arm 


Work 


Anvil 





Fig. 3 Light valve micrometer in which 
the amount of light that passes between a 
fixed and a movable shutter to a photo-cell 
is used with an amplifier, a relay and a 
variation from a dimen- 


meter to indicate 


stonal standard 


Fie. 4 Light proportioning amplifier used 
with light valve micrometer shown in Fig. 
Lo This amplifier operates on small varia- 
tions of the light through the 
shutters, it can be set to detect extremely 
small changes in the volume of light re- 
cell ed orl the photo« ell scanner 


relayed 


Fig. 5 Screw micrometer with barrel and 
a spindle mounted on a fixed support, the 
anvil is carried on a movable arm, when 
the anvil touches the spindle a circuit is 
closed which the grid control 


rectifier which then energizes the relay 


operates 


and refrigerator Cases, There Is one draw- 
back. however. to this type ol inspection. 
Although a thyratron type of photo con- 
trol can be operated at high speeds the 
length of time required to scan an area 
a foot square is approximately from Vo 
to | minute, depending on the speed and 
number of holes in the scanning disk. 
lhis system can, therefore. be used eco- 
nomically only for products which re- 
a high degree of accuracy in in- 
cloth. 
phenolics and synthetic plastics. 


Jure 


spection, such as woven fabric. 


Most color inspection systems work on 
the principle of neutralizing three photo 
cells, one of which inspects the standard 


sample, and the other two inspect the 


surface in question. A small prism is 


used to split a single beam of light into 
two equal parts so that the light reflected 


from each article is exactly the 


same 
regardless of voltage fluctuations at the 
input of photo-cell control and light 


source, Each photo-cell is connected to a 
bridge amplifier which is adjusted so that 
it will cancel out when the light is equal 
on all photo-cells. 

In the chemical and distilling indus- 


tries, 


such as the 


manufacture of dyes. 


whiskevs. paints and gasoline. it is often 
necessary to maintain a definite standard 


of density or color. Sometimes the color- 


Fixed shutter plate 


Photo ce// 


Amplifier 


See Fig.4 for 
description 


ese 


| 


FIG. 4 


ing has a definite bearing on the chemi 


cal solution. Since many chemical solu- 


tions are transparent, transmitted light 
may be the 
output of the photo control is connected 


used. and in many systems 


to various types of escapement move- 
ments, automatic proportioning controls 
and regulators. In this type of control it 
is seldom necessary to use complicated 
optical systems like those used in meas 


ur ing reflected color. 


Proportioning System 


One control system which is used foi 
blended 


by passing two liquids through separate 


coloring whiskeys is operated 
glass pipes which discharge into a con- 
stantly agitated blending chamber. Be- 
tween the glass pipes and the mixing 
chamber are two proportioning controls. 
\ pipette is attached to the side of the 
blending chamber to permit the continu- 
ous drawing of samples of the liquid. 
Two photo-cells scan the samples. one 
is connected to the color 
the 
white distillate proportioning control. As 


proportioning 
control, other is connected to the 
more or less coloring matter or distillate 
i« needed in proportion to the mixture. 
one control operates on a minimum value 
of light transmitted, and the other oper- 
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adjustment 


Fixed 


Grid 
contact 


control 
rectifier 

Moving 
contact 


Moving 
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Work 


Anvil 





Frame 


FIG. 5 









ates on a maximum of transmitted light 
Interlocked with these two controls is a 
master standardizing control which is set 
to the degree of color when 


both 
mean level. The proportioning controls 


necessary 
proportioning controls are at a 
are so arranged that a normally closed 
relay contact of one will be held open 
the 


other will be closed at the same instant 


and normally open contact of thi 
These contacts are wired in series with 
the master control. The system is then in 
a balanced condition. 

In classifying and grading for siz 
where a tolerance of one ten thousandth 
of an inch is sometimes required. various 
systems are used. Four inspection units 
which are designed to be included in 
complete inspection machines will be di 
seribed. 

іп the 


schematically in 


micrometer shown 
Fig. 1. plate 18 
attached to the main body of the microm 
eter and the other plate to the moving 


capacity 


one 


arm. These plates are all connected to à 


balanced oscillator which in turn орет 
ates a relay or rejecting device d a 
meter. for indicating variation ‘ren 


standard. which is calibrated in teni ıs © 
a thousandth of an inch. 

A light micrometer is = own 
schematically in Fig. 


valve 


3. that operat s on 
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Fig. 6 Induction micrometer which uses two coils which move in 
planes parallel to each other. The amount of alternating current 
induced in the fixed coil varies more or less in proportion to the 
distance between the coils. A tube control, a relay and a meter 
are in circuit with the fixed coil 


Fig. 7—System for automatic inspection of variations in the coler 
of a surface consisting of a scanning disk, light source, filter unit, 
condenser and differential lenses, with a bridge amplifier 


Fig. 6 Differential bridge control, which includes timing amplifier 
in system shown in Fig. 7, receives currents generated by scanning 
cells through bridge circuit which in turn are amplified and passed 
on to relay circuit, it also receives impulses through timing cell 
which blocks the operation of the scanning cells on the dark 
periods of no light generated by scanner. It also receives through 
bridge circuit the output of standardizing cell which normally 
balances bridge circuit 






















| Scanning АҒ» 
се// Ё 
| Bypass reflector 
| Differential lens 6 
| / 
| ^ Light Мичвіп 
Condenser source 
| 
| x ft 
| 
| (а $ 
| "T 
dy 
7 
Sync motor 
rface 
nspected 


Br od Standard 
amplifier filter 
| See Fig.8 for Y 


| description- 
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атос//бе” 


| 
| FIG.7 
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a variable degree of light which the valve 


passes to the photo-cell. This svstem is 
quite accurate since it adds no mass to 
the gaging rod of the micrometer. 

The contact micrometer shown in Fig. 
5 has two contacts. One is attached to 
the movable arm. the other is solidly 
mounted. Automobile manufacturers are 
among those who use this type for rapid 
sorting. to separate parts having varia- 
tions of one ten thousandth of an inch on 
some critical dimension for parts such 
as valve lifts. camshafts. wrist-pins and 
bearings. These micrometers are used in 
a series of steps grading up from the 
maxımum to the minimum tolerance. 


Color Inspection System 


| induction micrometer shown in 
Fig uses two torridoral coils which 
move in parallel planes with respect to 










Standard 


се// Light 


FIG. 8 


The scanning disk cuts or interrupts a 
beam of light from light source which in 
turn is relayed to condenser lenses and 
then by the differential lens on to the 
surface of the article being inspected. 
The entire surface of the article to be 
inspected is rapidly and completely cov- 
ered by a series of successive dots of 
light emanating from the differential lens 
through the scanning disk. If any portion 
of the surface being inspected has any 
defects, in other words is off standard. 
the photo-cells will receive through re- 
flected light a different intensity of light 
than the bridge amplifier which has been 
balanced by means of the standard cell. 
Photocells are connected in parallel to 
one arm of the bridge amplifier. The 
standardizing photo-cell which is con- 
nected to the opposing arm of the bridge 
amplifier receives a given amount of light 
from the filter unit through which it is 


Obviously under this system it is neces- 
determine the standard 


against which the inspection is to be 


each other thereby allowing more or less transmitted. 
alter: ting current to flow from one to 

the er. These coils are in turn con- sary to first 
пес{е‹ to a grid rectifier tube which then 

opera's the relaying. 


Thr system shown in Fig. 7 is used for 


auton: itic inspection of color. For pur- 


pose description it will be assumed 
to co an inspection operation to deter- 
mine у variations in color of a surface. 
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made which is done by pre-setting the 
filter unit to the required standard for 
the product. In the passage of dots of 
light to the surface under inspection. 
through the scanning disk. notwithstand- 
ing the speed at which the disk operates, 
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there is a period of no light which is 
equal to the period of dots of light. Natur 
ally. the sensitive bridge amplifier would 
register every interruption of beam. just 
as it would in detecting any off color: 
however. the timing photo-cell blocks 
off the photo-cells so that when no light 
is passing through scanning disk to the 
surface being inspected, the amplifier 
will not function. The functioning of 
the timing photo-cell serves to elimi 
nate any neutral or no light periods 
which narrows the basic function of the 
photo-cells to the determination of any 
shade of color as opposed to the standard 
set by the fiiter unit. Immediately upon 
an off color being detected on the object 
being inspected by the photo-cells the 
bridge unbalanced 
causing the relay which is connected 
with a ram or solenoid to push the defee 
tive object off the conveyor as rejected. 

To inspect a given area of surface the 


amplifier becomes 


number of photo-cells necessary is in pro 
portion to the extent of the area. It has 
been assumed in this description that two 
photo-cells are sufficient. 

The real purpose of the use of photo- 
cell units, otherwise termed scanners, is 
to register any variation in the reflected 
light thrown back from the surface that 
is being inspected. 
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HIGH-TEMPERATURE DESIGN 


Data Required and How It Is Obtained 


E. A. DAVIS 


Research Engineer, Westinghouse Electric & Mfg. Company 


N THE DESIGN of members for high 
temperature service. the governing 
factor is the allowable total deforma- 

tion in a given time. This limiting amount 
of strain will vary with the application. 
For example. in certain furnace or boiler 
parts it may be perfectly safe to set the 
limit at two or three per cent strain in 
ten years while for moving parts in high 
temperature machines it may be neces- 
sary to keep the strain less than one-tenth 
per cent in ten years. The total deforma- 
tion is made up of elastic deformation 
which is proportional to the stress and 
plastic deformation which increases in 
some manner with time. It is this gradual 
increase in the plastic or permanent 
strain under prolonged stressing which 
has acquired the name of “creep.” 

Phe amount that any member will de- 
form or creep in a definite period of time 
will depend upon the stress and the tem- 
perature to which it is subjected. It will 
also depend to a large degree upon the 
material used. Furthermore. two mate- 
rials which have quite similar physical 
properties at room temperature may 
differ greatly in creep properties at ele- 
vated temperatures. For these reasons it 
Is not possible to prescribe a set of per- 
missible stresses which could be used for 
random materials. In order to make a rea- 


sonable design of a member for high 





The first 


portion of each curve is rounded, because 


Fig. 1 Typical creep. curves. 
of the strain-hardening, after which the 
curve becomes a straight line 


temperature service it is necessary do 
have test data on the actual material to 
be used. Because of this. designers ol 
high temperature equipment are forced 
to spend a large amount of time and 
money on some kind of a testing 
program. 

In general, tests by means of which 
design data are secured are conducted in 
such a way as to duplicate as nearly as 
conditions under 


possible the actual 


which the material is to be used. Results 
from these tests are then interpreted and 
extrapolated to furnish direct design in- 
formation. Other tests based on more 
idealistic conditions are also made in 
order to study the fundamental laws 
which govern the deformation of metals. 
Comparatively little is known about these 
fundamental laws at present but when 
they are better understood it may be pos- 
sible to predict creep behavior with less 
test information than is now necessary. 

Of the tests which attempt to duplicate 
service conditions, the long time creep 
test is the most significant. From this test 
design information is obtained which can 
be used for determining permissible 
stresses in members that are subjected to 
fairly constant loads. for in the creep test 
a bar is kept under a constant load and 
at a prescribed temperature for a period 
of at least three months. Some creep in- 
vestigators, however. have in a few cases 
allowed the bars to remain under load 
for periods up to five years. At regular 
intervals during the test the deformation 
or creep is measured and is usually 
plotted as a function of time. as shown 
in Fig. 1. The Westinghouse equipment 
for making this type of test was described 
in a recent issue of this magazine. (Prod- 
uct Engineering, July 1938. p. 269) 


Interpreting Creep Curves 


\ study of the set of curves shown in 
Fig. | will reveal several characteristics 
which are common to most high tempera- 
ture materials. The first. portion. of any 
of the curves is quite rounded which 
shows that the material becomes stronger 
as it deforms. This phenomenon is re 
ferred to generally as strain-hardening. 
The curves later tend to become straight 
and the material loses its ability to 
result of additional 
strain. It was found in the extremely long 


strengthen as а 


tests already mentioned that the curves 
for low stresses. become straight and 
stayed straight for the duration of the 
test. This straightening of the curves is 
probably due to some influence of the 


temperature and the time. since it is 


well known that the properties of many 


materials change with time. If this change 


takes place in such a way as to make 
the material stronger it is termed age- 
hardening. If the change is such that the 
material weakens it is known as soften- 
ing or annealing. Whenever a material 





Fig. 2 
automatically decreases the load оп the 
test bar so as to keep the length of the 
stressed portion constant 


1 relaxation testing machine which 


is held at temperatures considerably 
below the normal softening range it Is 
possible that annealing takes place at a 
very slow rate. If this slow annealing 
would progress just fast enough to offset 
the strengthening effect of the strain- 
hardening. the material should strain at 
a constant rate and the creep curves 
should become straight lines as has been 
observed. 

The fact that creep curves become 
straight and remain straight for a -hort 
period of time is no guarantee that they 
will remain straight for periods corre- 
sponding to the service life of a piece 
of high temperature equipment. Never 
theless. creep. curves must. be. ext ape 
lated to periods of several years and 
probably the best and. simplest as- imp 
tion to make is that at low stresse- thi 
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Fig. 3 { constant strain-rate machine 
strain it at a constant rate 
creep Curves remain straight for the re 
quired period of time. It must be borne 


that this is only an 


assumption. The only 


in mind. however. 


wav to determine 


W ther of 


not à creep curve would be 

straight for twenty vears is to carry out 
the test for that length of time. 

In order to furnish information for 


parts stressed in bending. a test has been 


d in which a bar in pure bending 
The 
ion is measured. and. plotted. as à 


` pt under a constant moment. 
as in the long time 
the 


паре ах the lone time creep curves 


in of time just 


ere test. These curves have much 
used in the same manner. 

her test which aims to duplicate 

the 

ng materials. See the paper “Ri 

IN of Steels at. Elevated 
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mal Congress of \pplied Me 
Cambridge. Mass. 1938. In pra 
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automatically loads the specimen so as to 


Increase in 


stress 


Crease 


course, decreases in the same 
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plastic 
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by 
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From the results of this type of test it 


is possible to determine what initial 
stress must be put on a bolt in order 
that the stress will not drop below a 


certain minimum value in a given time. 


Some high temperature 
shafts 


fluctuating 


parts such as 
subject to 
this 
the 


rotating are rapidly 


makes it 


behavior of 


loads and im 


portant to investigate 


materials under fatigue conditions at 
high temperature. There has not been 
a great amount of work done in this 
field. but the need for such information 
exists and tests of this nature will be 
come more common in the future. When 
some materials are heated they become 
more ductile while others become em 
brittled at high temperatures. For this 
reason the fatigue properties at normal 


may 


safe guide 


temperatures not be a 


in predicting high temperature results 
Determining Aging Characteristics 
rate test 
with the 


relations existing between the 


The constant strain test is a 
fundamental 


the 


which deals chiefly 
stress. 


plastic strain and the plastie strain rat 


See the paper. "Constant. Strain. Rat 
Pests on .35 Carbon Steel K-20 at 850 
Е. Бу А. Nadai and E. A. Davis. Trans 
actions, A.S.M.E.. Vol. 59. p. 1. July. 
1937. In this test. which is carried out 
on such a machine as shown in Fig. 3. 
a bar is pulled at a uniform rate ol 
stretching. Then another bar is tested 
at a different uniform rate. Thus а fam- 
ily of stress-strain diagrams for various 
constant strain rates is obtained. From 


these results it is possible to study the 
the 
fol 
850 deg. F. 


An idea of how metals 


effect of. tl rate al 
vield stress. 


an ordinary 


strain 


these 


upon 
family of curves 
carbon steel at 
is shown in Fig. 4. 
react to the speed of deformation can be 
gained from this set of curves. Foi 
steels at 500 deg. C. 


it Is 


most 


temperatures neat 


found that in a certain range the 


stresses corresponding to a given amount 
the logarithm of the 


of strain vary as 


35 


Elongation in Per Cent > 





plotted from the results of constant strain-rate tests 
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Fig. 5 


Curve of stress versus initial creep 


creep rate. This is especially true at 
values of plastic strain greater than one 
percent 

Occasionally material is tested to study 
the change in the strength of the ma- 
terial with time. These tests are usually 
called aging tests. The aging character 
istics are determined by measuring at 
frequent intervals the hardness of a bar 
that is kept in a furnace at the prescribed 
temperature. Another method is to place 
several test specimens in a furnace 
which is held at a constant temperature. 
Specimens are removed after definite in- 
tervals and tested in short time tension 
tests. In this way a history of the physi- 
cal properties of the material over a 
given period of time is obtained. In one 
case the writer tested the hardness of 
a twelve percent chromium steel at 850 
deg. I 
tinuously hardened over a period of one 
Brinell 


from 210 at the beginning to a value of 


and found that the material con- 


vear. The hardness increased 
230 at the end of the period. Just how 
long the material would have continued 
to harden is not known but it is gen 
erally found that materials which harden 
at first will afterwards start to soften 
The time required for each process de 
pends greatly upon the temperature and 


the composition of the metal. 
Selecting Design Stresses 


In the foregoing paragraphs various 
types of tests have been described in 
order to convey to the reader an idea 
of the methods by which high tempera 
ture design information is obtained. The 
designer is particularly interested in 
how this information mav be used. Ob 
viously creep tests cannot be run at 
stresses so low that the total amount 
of creep would be comparable with that 
allowed in service. Neither can the tests 
be carried out for the full service tims 
For this reason it is necessary to extrapo 
late creep test results obtained at fairly 
high stresses to regions of much lower 
stress and to greater times 

Whenever test data is extrapolated it 


is necessary to make certain assumptions. 


Ms has already been mentioned the creep 
curves for low stresses can be assumed 
to be straight lines for large values of 
the time f. The creep curve can then be 
expressed as 
é i t pol 

where s is the plastic strain and jt, is the 
minimum creep rate. This expression was 
introduced by P. G. MeVetty in a dis- 
cussion on the interpretation of creep 
tests. See his paper. “Working Stresses 
for High Service.” Me- 


chanical Engineering, March, 1934. The 


Temperature 


strain represented by ғ, ік sometimes 
referred to as the “initial creep." The 
term minimum creep rate for uo is used 
in a proper sense. for at higher stresses 
the creep rate decreases to this value 
and later it starts to increase due to 
necking of the bar. 

The constants &, and nm both depend 
upon the stress and the extrapolation 
of creep data consists of finding the re- 
lations between these two quantities and 
the stress. If the creep represented by 
£, is very small compared to that repre- 
sented by the term puot it may be 
neglected entirely. If not. the values of 
e are usually plotted against the stress 
and a smooth curve drawn through the 
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Ts 
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Fig. 6—Stress versus minimum creep rate 
plotted to a logarithmic scale 


points. This curve must pass through the 
origin. for it is evident that both £» and 
ii, must be zero when the stress is zero. 
The value of s, for any stress can then 
be read from the curve. as in Fig. 5. 
More attention is generally placed upon 
the method of extrapolating the value 
of u, toward the rezion of lower stresses. 
From experiments it has been found that 
in the region of stresses where creep 
tests are run the stress is proportional 
to the logarithm of the minimum creep 
rate py. Unfortunately the logarithmic 
curve does not pass through the origin 
and the 
versus minimum creep rate has to be 


extrapolated curve for 


stress 


modified somewhat in order that the 
creep rate be zero when the stress is 


Zero, 
Extrapolating Data 


One means of extrapolation which may 


be used is given by the expression: 





where @ is the stress and sọ and pm, are 
constants. This is applicable for c: ep 
rates greater than pa. For rates һе оң 


u, the expression 


б 


а 


Te 


is used. This method of extrapolation 
was suggested by A. Nadai of the West. 
inghouse Research Laboratories. Fig. 6 
shows a plot of stress versus minimum 
creep rate. In this plot the above equa 
determining the 
shape of the curve. The total deforma. 


tions were used in 
tion can now be computed for any stress, 


Calculating Deformation 


Elastic deformation can be 
lated from the 


calcu. 
formula. the 
amount represented by ғ) сап be taken 


elastic 


from the curve o versus s (Fig. 5) and 
the amount represented by jot can be 
calculated from the values given in Fig. 
6. If the sum of these three terms is a 
larger amount than the allowable total 
deformation. a smaller stress will have 
to be chosen. The stress chosen by this 
method will not contain any factor of 
safety. It will probably be desirable to 
apply a safety factor to this stress to 
take care of such things as slightly de 
fective materials, stress concentrations. 
and possible overheatings. 

It must be pointed out again that it 
is practically necessary to have test data 
on the same material as is used in the 
design. Very little creep test data are 
to be found in the literature. The most 
comprehensive list is probably the 
pamphlet published in February, 1936. 
by the A.S.T.M. Committee Al on steel 
This booklet is entitled “Data on Nom- 
inal Creep Strength of Steels at Ele 
vated Temperatures” and contains creep 
test data on several steels. The chemical 
composition of the steels and in some 
cases the heat treatment are also given 
In addition there is a discussion on the 
general subject of creep tests. Other 
test results are given in various publi- 
cations but they are too scattered to he 
listed here. 


Sources for Creep Data 


‚ 


The importance of using а greal 


amount of precaution in selecting à 


working stress for high temperatur 
members cannot be over emphasized. The 
strength of the material depends i pon 
several variables and an understanding 
of these factors which influence tl he 


havior of metals is something to bi 


greatly desired. Knowledge о! nem 
foundamental laws is gradually ет 


en 


developed. but in the meantime d: -1g 
ers must establish safe working stresses 
It has been the object of this ірет 
to point out some of the means by hich 
such stresses are determined a the 


present time. 
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PLASTICS OVER METAL 


Why and How to Design Metal-Backed Plastics Parts 


C. H. WHITLOCK 


Firestone Tire & Rubber Company 


A new process that is finding rapidlv increasing use for parts 
= 4 = 


that require the strength and rigidity of steel plus the highly 


desired characteristics of plastics 


URING the past two years the use 
of cellulose acetate molded parts 
increased at a greater rate than 
perhaps any of the other synthetic 
molding materials. This has been at- 
tributed to several factors. Such parts 
are easy to fabricate. the material be- 


Another 


advantage is that the material is ob- 


ing thermo-plastic and tough. 


tainable in almost any color, and be- 
cause appearance is becoming a steadily 
more important consideration in the de- 
sign of products. this color advantage 
has been a strong factor contributing 
to the increasing use of cellulose acetate 
molded parts. 

material. cellu 
limitations. Al- 
though it was found highly satisfactory 


However. like every 
lose acetate has its 


for small parts. when its use was ex- 
tended to. larger pieces it was found 
that its 


with age. and warpage 


flexural strength. shrinkage 
because of its 
extreme sensitivity to atmospheric con- 
ditions. presented some difficult design 
problems. In. some instances the flex- 
ibility and warpage difficulties encoun- 
tered ІП large pieces were overcome by 
rigidly fastening the part to metal. as 
was done successfully in. some large 
pieces used in the automotive field. But 
such designs did not satisfactorily solve 
the problem of eliminating the inherent 
difficulties in large cellulose acetate 
molded parts. It was evident that a 
radically new type of design of the parts 
would have to be developed. The mold- 


Ing of acetate over metal appeared to 


promise logical solution. 

In the design of the instrument panel 
and gl compartment door of the 1939 
Chrysler. each piece about 16 in. by 7 
in., tl parts were first. designed for 
acetate molding without any metal back- 
Ing. A. experimental mold was built 
lor the glove compartment door and 
sample (оог уеге made. They lacked 
rigidity ven though the section was 
ıs in. ti ck. It was then decided to de- 
“ign the loor to be stamped out of light 
баре m'al and cover it with a thin 


coating acetate material. Such a de- 


“ЕП м | not only reduce cost but 


March. 1930 


would also solve the problem of warp- 
age and shrinkage. This was done. (See 
P.E., p. 63. Feb. °39) 

At first thought it might seem that it 
would be much cheaper to simply en- 
amel a metal stamping and not go to 
the bother and cost of molding an ace- 
tate coating over the metal. However. 


there are a number ol specific cost 
factors involved. in the enameling ргос- 
ess. the greatest one being the cost of 
conditioning the surface of the metal 
stamping preparatory to applying the 
enamel finish. All irregularities in’ the 
surface. such as marks from spot weld- 
ing. must be dressed down, otherwise 
they will show on the finished surface. 
finish 


\nd furthermore. an enamel 


would not possess the inherent dura 
bility of a molded-on cellulose coating 
nor would it have other advantages such 
as noise deadening. translucence, depth 
of color, softness and warmth to the 
touch and similar qualities that are not 
obtained in an enamel-finished metalli 
surface. 

In the development of the process of 
molding acetate over metal. a number 
of manufacturing and design problems 
had to be solved. The metal stampings 
must be lacquered or painted with a 
single coat to give a uniform color ovet 
the entire surface of the stamping. 
Otherwise unpainted burn marks left by 
spot welds would show through the 
translucent acetate. Also. it is necessary 
to have the acetate coating of uniform 
thickness. because a section of varying 


thickness 


lieht shades or 


would show shadows when 


extremely translucent 
acetate coatings are applied. 


One major problem in developing the 





Wilding Photo 


Stamped panels being coated two-at-a-time with cellulose acetate on a 500-ton, 4-nozzle 
injection molding machine at the Firestone plant, at the rate of two per minute 
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Ícetate covered one-piece gear shift lever 
The metal core is a simple 
forging which requires no cleaning or pol- 


ind knob. 


ishing prior to the application of the ace- 
tate covering 


process of molding acetate over metal 
was caused by the fact that there is 
normally little or no adhesion between 


cellulose acetate and metal. Conse- 


quently, means for mechanically an- 
choring the acetate must be provided. 
Sometimes this can be 
ing the acetate coating down over and 
under the edges, as was done in the 
panels for the Chrysler car. But ordi- 
narily this will cause breaking away of 
the acetate material when the pieces are 
being removed from the mold unless the 
heating of the material before injection 
into the mold cavity has been controlled 
properly. 

Because the contraction of the ace- 
tate is much greater than that of the 
steel, the shrinks 


tightly on convex surfaces or surfaces 


acetate material 
of anchorage. But this same character- 
istic causes the material to shrink away 
when applied to concave surfaces or the 
interior surfaces of boxes or cylinders. 
If the pieces are large the shrinkage 
would be sufficient to make the applica- 
tion of an acetate coating impractical. 

Experiments are now in progress to 
better 
and the metal backing. 


between the 


\ ррге- 


obtain adhesion 
acetate 
ciable improvement has been achieved 


but at present the bonding between the 


done by extend- 


two materials cannot be depended on 
except in small simple pieces for nor- 
mal use. Mechanical anchorage should 
be provided. 

This process is not limited to cellulose 
acetate. Апу thermo-plastic material 
can be used. Nor is it confined to the 
injection method of molding. However. 
compression molding is slower on ac- 
count of the time required to heat and 
cool the mold; injection molding will 
produce five times as many pieces, using 
methods. 


injection 


single cavity molds in both 
Thus. the 


molding will decrease the tool 


higher speed of 
invest- 
ment. in addition to which the produc- 
tion operations are faster. 

thickness of the 
coating is governed by the area to be 


Minimum plastic 
covered and the maximum distance the 
material must flow. A thinner coating 
can be applied by compression molding 
than by injection molding but the sav- 


ing in material cost is usually less 
than the higher operating cost of the 
compression method. The Chrysler in- 
jection molded panels have a coating 
0.070 in. thick. The molds 


were designed for a covering 0.050 in. 


original 


thick but this was insufficient to hide 
the weld lines. 

Metal stampings that are to be cov- 
ered or coated with molded material 
should not have ribs or depressions for 
stiffening. which should be accomplished 
welded-on  stif- 


by curved surfaces or 


feners. Ribs or depressions would re- 
sult in thicker sections of acetate, thus 
causing shadows. But studs, brackets 


and other parts can be welded on and 


the opposite face covered with ace at 

To cover both faces of a metal stamp 
ing with acetate would require two 
molds, one for covering each side. This 
has probably never been tried ап! it 
would entail a considerable amour! oí 
work before satisfactory 
production could be made. 

Although the coating over the metal 
does stiffen the finished part, the amount 
is practically negligible as the coating 
s thin and the material is very flexible 

At the. present. time, press equipment 
s available for covering areas up to 
20 in. by 20 in., or a maximum weight 
of molding material not exceeding 2 |b 
No doubt, larger equipment will b 
built in the near future for producing 
pieces of much greater size. 

Acetate 
panels and sheets. 


experimental 


covering is not limited to 
Acetate over metal 
is employed in the new type automobil 
gear shift lever that is mounted on th 
The knob and rod is 
an unfinished forging covered with cel 
Formerly the forged rod 
was upset and threaded at one end and 
the plastic knob with threaded inser! 


steering column. 


lulose acetate. 


screwed on. The savings in the пем 
acetate covered design are obvious. 
This process of covering metal sur 
faces with plastics is new and up unt 
now has been confined largely to auto 
motive parts. There are. however, 
vast number of fields in. which it coul 
be used to advantage. such as housing 
for office equipment. and camera part: 
and other parts requiring rigidity. un 
breakable qualities and the 
finish that the acetate material provide: 


su perio 





Transparent Tenite injection molded over a spun aluminum head tightly seals (his 9" 


gage, gives a highly attractive finish and permits an undistorted view of the sc le tap 
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GEAR CALCULATIONS 


Based on Dynamic Loading and Wear Resistance 


PART II. 


A. €. RASMUSSEN 


Chief Engineer, Insley Manufacturing Corporation 


Bevel gear tooth formulas based on the spur gear 


tooth formulas developed in Part I are here presented, an exam- 


ple is included to illustrate the method of applying the formulas 


HE METHOD and procedure of 
ЕСІ gear teeth, by determin- 
ing the dynamic tooth load and of 
keeping this load both within the beam 
strength and within the limit load for 
wear for the tooth section with margins 
of safety, were developed in Part I of 
this article which appeared in the pre- 
ceding issue. In Part I formulas were 
established which apply to spur gear 
teeth. In this section of the article similar 
formulas will be established for bevel 
gear teeth. 
The method used here in applying 
Prof. Buckingham’s hypothesis to bevel 
gear teeth follows the logic developed by 


Prof. Leutwiler in his book "Machine 
Design." 

Let Z — a ratio of the distance to the 
center of pressure on the tooth 
with respect to the distance to 
the outer edge from the apex. 
See Table VII for values. 

апі Й, tooth load at center of pres- 
sure in a bevel gear 
Р (44 
Z 
W W Р 
then - ' = (45 
рет" 


Referring to Equation (7) the dynamic 
tooth load can be written as 
Р = + И. (46 
0.05» (f € -- W) 
then ng (47) 
005» 4- V f C -- W. 


in whic! 
а тла п 
( Z m b (48), and v — 12 (49) 
Following the same procedure that was 
used to develop the spur gear formulas. 
the dynimie factor for bevel gears 


: ( ы ) 
1 


Zmbf 
T 126,050 HP/dı n 50) 
ы d I 
йа {а^ 
DN \ i+ жонға, n 
March. 1939 


And the dynamic tooth load for bevel 
gears can then be expressed as 
D'-fwd' (51) 
The Lewis formula for bevel gear teeth 
written in terms of diametral pitch is 
r Sr f Y0 
P 


L’ = 


Values of z S, are given in Table II. 
Values of g, the reduction factor in 
the Lewis formula for bevel gears are 


given in Table VII for various ratios of 
face width to cone distance. 

Stress is uniform along the tooth face 
at the plane of least strength and the 
tooth deflection is proportional to the dis- 
tance from the apex. (See Leutwiler 
“Machine Design,” Par. 239, Equation 
358.) 

The ratio factor Q for spur gears is 
dependent upon the numbers of teeth in 
the pinion and in the gear. With bevel 
gears it is a ratio that is dependent upon 
the formative numbers of teeth F, in the 
pinion and F, in the gear since this fac- 
tor is dependent basically upon the 
radius of curvature of the gear tooth at 
the pitch line with respect to the radius 
of curvature of the pinion tooth. 





Table VII—Values of g, e, and z 





f. 4 е Z fih g e Z 
0.005 0.9950 0.9975 0.9975 0.205 0 8090 0.8975 0 9011 
0 010 0 9900 0.9950 0.9950 0.210 0.8047 0.8950 0.899] 
0.015 0.9851 0.9925 0.9925 0.215 0.8001 0.8925 0 8968 
0.020 0.9801 0.9900 0.9900 0.220 0.7961 0.8900 0.8915 
0.025 0.9752 0.9875 0.9876 0.225 0.7919 0.8875 0 8922 
0 030 0 9703 0.9850 0.9851 0.230 0.7876 0.8850 0.8900 
0.035 0.9654 0.9825 0 9826 0.235 0.7831 0.8825 0.8877 
0.010 0.9605 0.9800 0.9801 0.210 0.7792 0 8800 0.8855 
0.015 0 9527 0 9775 0.9777 0.215 0.7150 0.8775 0.8832 
0.050 0.9508 0.9750 0.9752 0.250 0.7708 0.8750 0.8810 
0.055 0 9160 0 9725 0 9728 0.255 0 7667 0.8725 0.8787 
0.060 0.9412 0.9700 0.9703 0.260 0.7625 0.8700 0 8765 
0.065 0.9364 0.9675 0.9679 0.265 0.7584 0.8675 0.8742 
0.070 0.9316 0.9650 0.9651 0.270 0.7513 0.8650 0.8720 
0.075 0 9269 0 9625 0 9630 0.275 0.7502 0 8625 0.8698 
0.080 0.9221 0.9600 0.9606 0.280 60.7161 0.8600 0 8676 
0.085 0.9174 0.9575 0.9581 0.285 0.7421 0.8575 0.8651 
0.090 0.9127 0 9520 0 9527 0.290 0.7380 0.8550 0.8632 
0.095 0.9080 0.9525 0.9533 0 295 0.7340 0.8525 0 8610 
0.100 0.9033 0.9500 0.9509 0.300 0.7300 0.8500 0.8588 
0.105 0.8987 0.9175 0.9185 0.305 0.7260 0.8175 0.8566 
0.110 0.8910 0.9150 0.9161 0.310 0.7220 0 8120 0.8515 
0.115 0.8891 0.9125 0.9137 0.315 0.7181 0.8125 0.8523 
0.120 0.8818 0.9400 0.9413 0.320 0.714 0.8100 0.8502 
0.125 0.8802 0.9375 0.9389 0.325 0.7102 0.8375 0.8180 
0.130 0.8756 0.9350 0.9365 0.330 0 7062 0.8350 0.8159 
0.135 0.8711 0.9325 0.9341 0.335 0.7021 0.8325 0.8137 
0.140 0.8665 0.9300 0.9318 0.310 0.6985 0.8300 0.8116 
0.115 0.8620 0.9275 0.9291 0.315 0.6917 0.8275 0 8395 
0.150 0.8575 0.9250 0.9270 0.350 0.6908 0.8250 0.8374 
0.155 0.8530 0 9225 0.9247 0.355 0.6870 0.8225 0.8353 
0.160 0.8185 0.9200 0.9223 0.360 0.6832 0.8200 0.8332 
0.165 0.8111 0.9175 0.9200 0.365 0.6794 0.8175 0.8311 
0.170 0.8396 0.9150 0.9176 0.370 0.6756 0.8150 0.8290 
0.175 0.8352 0.9125 0.9153 0.375 0.6719 0.8125 0.8269 
0.180 0.8308 0.9100 0.9130 0.380 0.6681 0.8100 0.8219 
0.185 0.8261 0.9075 0.9106 0.385 0.6611 0.8075 0.8228 
0.190 0.8220 0.9050 0.9083 0.390 0 6607 0.8050 0.8207 
0.195 0.8177 0.9025 0.9060 0.395 0.6570 0.8025 0.8187 
0.200 0.8133 0.9000 0.9037 0. 400 0.6533 0.8000 0.8167 
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Table VilI—Gear Train Example, Size Calculations 

















GEAR Pairs FIRST SECOND THIRD GEAR PAIRS FIRST SECOND THIND 
SPUR GEARS PINIONS 
М, 37 50 81 No. of teeth. 16 (long add.) 17 (long add.) 22 (std. add.) 
N 8 16 17 22 Diametral pitch 5 5 3 
H 9? 8 2.94 3 68 Outside diam.... 3.800 1. 000 8 000 
Pinion r.p.m., n 1.500 619 221 Mesh diam 3 100 3.600 7 333 
Gear r.p.m 619 221 60 Face in in 14 119 2% 
H.P. on driving shaft 50 18.5 17 
Efficiency 0.97 0.97 0.94 GEARS, All standard addendum 
H.P. transmitted 18.5 720 14.2 No. of teeth 37 50 81 
Assumed p 5 5 3 Diametral pitch 5 5 3 
Assumed d 3.4 (la. 3.6 (La. 7.33 Outside diam 7.800 10.400 27.667 
| ; i een өч Mesh dia 7.400 10 000 21.0 
From Equation (19), k 0.5252 1.673 2 860 E — 1 ә} % 
OOG. oo l l 4 е; 
b 6 6 10 
For m 115, mb 2,500 2,500 1.150 نتید‎ iiin n ЗЕЕ 
i 1 1.25 ° 50 CENTER DISTANCES IN INCHES 
mbf 2,500 3,125 10,375 5. 100 6 800 17.167 
From Equation (17), А 2.023 1.191 2 830 
From Equation (20), k 0.916 2.479 5.598 CHECKING BEAM STRENGTH 
From Equation (22), d 2.918 1 631 1 580 HP.. 50 18.5 17.0 
From eq. (5) and (15), M 1.236 2,618 3,667 
PINION DIAMETERS FROM EQUATION (42) Dynamic tooth load D 
i ^ =Wx<d 3,186 1.270 5,793 
Q ( ‘ . = ۰ 
е - 116 311 Material 2315 2315 1015 
қ 0 90 0 90 0 90 à : и : y 
Ms 616 616 580 Carburized | Carburized Oil quenched 
м, + N 52 67 103 BEN... 260 260 500 
From Equation (12), f d?*. 12.013 15.910 96 172 Interpolating from 
10 1 25 ә 5 lable I, r Si = 204,000 201,000 392,500 
d 12.013 12.752 38 589 J 114 112 234 
d 3 466 3 57 6 212 У 0.091 0.096 0.105 
Assumed d 3 10 3 60 7 333 From Equation (24), L.. 1,793 5.875 37,111 
: . : T I à i With s = 0.90, sL = 1,315 5.288 31,000 
Required diam. of first pinion is so little in excess of the assumed 
value that the assumed diam. will be considered satisfactory. Gear Note that as pinions are made with 14 in. longer face than the 
specifications will be selected as follows: (see next column gears, the beam strength is based on the longer face. 
N f= hs (61) Example. A gear train using 20 deg. 1 
“ се 69 1 : * 5 
ince F А d and 3 and since pressure angle, full depth, machined 
1; i P Ld? d IN? + Ne tooth gears ds required | to reduce the 5 
| ғ \ 54 4 9 % Ni speed of a 50 hp. gasoline motor from ( 
Е d 1500 r.p.m. (motor speed) to 60 r.p.m 
l'he fermative ratio is f dı v № + №? 69 Hunting tooth combinations are desired 
“ » a) e . . 
6 Ni in the several pairs of gears. 
F е И 55 When f is taken at /,/ 3. Z has 0.8144 (a) The motor pinion sheuld be as 
i N for a numerical value. small as practical to obtain the lowest 
d The horsepower formula can be ex- possible pitch line velocity and also to 
d pressed as keep the total number of teeth in the 
xi gear train to a minimum number. A 1 
ог i R ob А frone s Es ы 4 . 
r 63.025 d 63 motor pinion having 16 teeth wil be tried 
‘ , MjJUZO tj; ` Ж” 
Em cdi 21 57 (b) For the pinion on the second shaft " 
Р Fı + F т, 17 teeth will be tried p 
where r E: ‚ the radius of center of tooth "M : : қ A . el 
Р 2 N ú = pressure about center of ro- (c) Certain clearance requirement: ti 
then Q Т К 95 tation of pinion. (64 make it necessary to use a gear of at | 
Substituting in Equation (64) the foregoing least 27 in. pitch diam. on the driven Б 
‹ . . Ж 1 
- o - 59 values shaft and from experience it is known | 
1 HP dû M ns NY (65 that a 3 diametral pitch 2% in. face ' 
( p]"*! 530,300 0, Niy y2 4 Nè gear of this diameter will carry the load. | ; 
и а т sz | ^ 
' from which herefore 81 teeth and a face of 25 in 
S S years а : > ( 
As with spur gear x | will be tried for the driven or las! gear 
530.000 HP d' MiVN2+ A ы 5 б 0 
S? sin a 41 d M E (66) With this data the number of teeth in 
- , e 4 ts N 9“ . . | 
0.70 E, the mating gears can by trial be selected | 
i бі i In terms of the torque ae 27 EB, B. essais BH t 
The limiting static tooth load for bevel — — | as 37, 50 and 22 respective ly. КЕ” е 
gears is then T 841474, NVN24 N22 67 A transmission efficiency of 0.07 will 
( д ) ы | “ 
P" íQdZM (60 | М» Ny M be assumed for the first and -econé 
: . « i . 4 | | 1 i . k 9. " É ° x ж 
\s with spur pinions, the diame- A good value of s is 85 to €0 per cent. — and 0.94 for the third pair. T n 
i - . < ale ati Ч % қ ) 
ter of the bevel pinion can from Equa- Fo illustrate the method and proce. For trial calculations it y . a 
tion (60) be readily determined. dure in using the formulas, an example assumed that 5 diametral pitch Ш » it 
The ideal face width for bevel gears will be worked through. Table VIII satisfactory for the first and secon’ pal W 
is considered to be one third of the cone shows the steps in the solution of the with a l in. face for the first pai and 4 » 
distance /,, problem. 114 in. face for the second pair. I n 
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Fig. 1 


Water-cooled mercury 





projection lamp of high intensity uses 


Isolantite to insulate lamp elements and circulating pipes for cooling water 


Typical mechanical and electrical applications of magnesium 


silicate ceramics in parts of machines and instruments with a 


discussion of the material’s physical and electrical properties 


HAROLD 


Isolantite, 


MONG the different types of mate- 
rials grouped under the compre- 
hensive heading of ceramics, the 

magnesium silicate group possesses 
physical, chemical and electrical prop- 
erties which offer interesting possibili- 
ties for a wide range of uses, in both 
electrical and non-electrical applica- 
tons. The best-known property of the 


magnesium silicate ceramics, that is 


their exceptionally low dielectric losses 


when ¿sed as insulators in a high-fre 

quen held, has tended to overshadow 

other ually interesting properties. 
Alt gh the 


ceran of which Isolantite is a typi 


magnesium silicate 


cal e iple, are frequently classified 
somew loosely under the heading of 
“pores s" they have little in com- 
mon porcelain except in physical 
Ippear..: ce, 


n the 


The essential raw material 
nufacture of porcelain is clay, 
ус! duces entirely different chat 


iCterist 


from those distinguishing 


magnes silicate ceramics. 


Marcel 1939 


BEEBE 
Inc. 


In brief. the magnesium silicate ce- 
ramics may be said to be characterized 
by high mechanical strength, chemical 
inertness. and low electrical losses. In 
the elaboration of these points, this ar- 
ticle does not purport to offer an ex- 
haustive study of all of the properties 
of this material under varying condi- 
tions of application, nor to mark off 
definite boundaries separating the ap- 
plications for which Isolantite is suita- 
ble from those for which some other 
material is preferable. A summary of 
the outstanding properties of the mate- 
rial. together with a discussion of some 
of its general industrial uses. will, how- 
ever, serve as a basis on which the de 
sign engineer may form preliminary 
decisions as to the potentialities of the 
material for his particular problem. 

In considering the physical proper 
ties of this special group of ceramics, 
it is advisable to emphasize at the out 
set that breaking strength values can 


not be listed with the same degree of 


› 


Fig. 2 
which Isolantite tubes are casings 


Oil burner ignition electrodes 


definiteness as for metals. The strength 


of a ceramic article depends very 
largely upon the section of the article. 
Test specimens which do not resemble 
commercial articles are frequently of 
little value in determining the strength 
of a specific part. In considering the 
suitability of a ceramic for a particular 
application, it is therefore advisable to 
obtain data based on the shape in ques- 
tion. The values given here for mechan 
ical strength are to be considered only 


as general indications. For example, an 
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Isolantite bar in tension where the full 
cross-section is utilized will develop an 
average breaking strength of 5.000. Ib. 
per sq. in. in a bar of l in. diam. and 
1.000 lb. per sq. in. in a bar of Vo in. 
diam. The same bars in cantilever load- 
ing will have an average modulus of 
rupture of 15.000 and 20.000 lb. per 
sq. in. respectively. 

Under tension the values for mechan- 
ical strength are markedly affected. by 
the shape of the section and the method 
of suspension. Under favorable condi- 
tions, as when parts are assembled with 
metal епа breaking 


strength will frequently be above 6,000 


cemented caps. 
lb. per sq. in. Cemented end caps are 
in common use although they do not 
provide the best electrical construction. 
Under the 
that is, 


least favorable conditions, 


when the cross-section area 1s 


sacrificed for mounting or supporting 


purposes, such as holes through bars 
insulators, the 


for cables in strain 


breaking strength is usually in excess 
of 2.500 lb. per sq. in. Between these 


limits it is ordinarily possible. by a 


selection, to furnish parts 


meeting definite strength specifications. 


process of 


Under compression the value for ulti- 
100.000 
thickness 


compressive 


mate strength is approximately 
lb. per sq. in. The ratio of 
to area influences the 
strength. A part with a semi-spherical 


end uniformly loaded is the strongest 
shape under compression. also a cylin- 
der with flat ends and a length equal 
to the diameter is a good shape to sup- 
loads. The 
under transverse loading, as measured by 
the modulus of rupture. generally ex- 
15.000 lb. per sq. in. and 


values as high as 20.000 lb. per sq. in. 


port compressive strength 


ceeds 


are often obtained. 
A highly 


Isolantite, particularly. when applied as 


important characteristic of 


The mate- 
rial has a modulus of elasticity of 15.- 
000.000 Ib. per sq. in. 


an insulator. is its stiffness. 


The thermal co- 


Fig. 3 


an. Isolantite cup to hold a pool of mercury 


Nealed switch of the instantaneous-break tv pe which uses 


efficient of expansion of this material is 
relatively low. measured at 20 deg. C.. 
the value is 0.000007 per deg. C., and 
the material is not subject to deteriora- 
tion at temperatures 
normal service. 


encountered in 


Considered from the chemical stand- 
point, magnesium silicate materials are 
suitable for the manufacture of parts 
subjected to the action of acids, as they 
are almost completely inert to the action 
of all 


ramics ІП 


acids except hydrofluoric. Ce- 
general are not highly re- 
sistant to alkalis. However, the steatite 
ceramics are resistant to alkalis 


than clay porcelains, and can be used 


more 


in contact with alkalis for short periods 
of time. An application 
made possible by this characteristic is 


interesting 
the packing for reaction towers. Under 
normal operating conditions, the mate- 
rial used for packing is exposed only 
attack. When the 


cleaned. however. the packing is washed 


to acid tower is 
down with an alkaline solution. and the 
material attack for 
short periods of time. and resist pene- 


must withstand 
found to 
give entirely satisfactory results in this 


service. 


tration. Isolantite has been 


excellent 
properties, the average vol. 


Electrically. Isolantite has 
insulating 
ume resistivity, determined by a series 
of tests under varying conditions. is 10" 
ohms per c.c. its non-absorbent body is 
an advantage in electrical applications 
also, as volume resistivity is almost en- 
unaffected by 


leakage 


moisture. Surface 


determined 


tirely 
resistivity. under 


paralleling actual service. 


ranges from 10° to 10" 


conditions 
ohms per sq. 
value of 10”. 
based on 


cm.. with an average 


These values are clean 


insulators. 
Another 


electrical property of this 


material. which is especially desirable 


in high-frequency applications. is its 
This 


little part 


extremely low dielectric loss. 


characteristic, which plays 


The Meri t 


Fig. 4 


industrial elect: ical 
equipment, is an essential factor in th 
manufacture of 
tions apparatus. 

While this summary of inherent char. 
acteristics may serve to guide the prod. 


in the design of 


radio and 


uct designer in determining suitability 


for various uses, it is necessary to 
sketch briefly the manufacturing proc. 
esses of the material, and the limitations 
of size and cost economy which these 
processes impose. 

In general, Isolantite may be either 
molded to a finished shape, or extruded 
in the form of rod. bar. or tube. Un 
fired stock which has been pre-formed 
by extrusion. or any of the molding 
process can subsequently be machined 
by practically any of the ordinary ma. 
chining operations. Holes can be drilled 
and tapped: slots can be cut: the piece 
can be threaded. Obviously. the amount 
of machining necessary markedly affect: 
Where the piece 
is of such a size and shape that it can 
be conveniently molded in a single oper 


the cost of the piece. 


ation, of machining can be 


eliminated. but die costs are 


expense 
involved. 
The decision as to the best method oí 
manufacture of a specific piece is bes 
arrived at in consultation with the sup 
both of produ 
tion economy and the necessity of s 
affect. thi 


possible ti 


plier. Considerations 
curing a homogeneous body 


size of piece which it is 
produce. 
Lowest costs can be obtained wher 
tolerances of plus or minus ] per cent 
are allowed for dimensions over one hal! 
inch, and for dimensions under one hal! 
inch a somewhat greater percentag 
tolerance is frequently required to mee! 
minimum costs, Certain critical dimen 
sions of a part may generally be held 
closer without material increase їп price 
M somewhat higher prices, substantialh 
better tolerances can be furnished by 
special control during manufacture. 


Grinding may be also employed atte! 


The NS. N. White Dental Manufactu 


Mouth lamps used for dental operations in whic i sm! 


Isolantite tubes form the insulation between electrical ci: uits 
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articles are fired to produce pieces to 
very close tolerances, at costs compar- 
able to the grinding of steel. As with 
any other material used by the product 
designer, the stipulation of tolerances 
closer than normal involves a sharp rise 


should be 


avoided unless absolutely necessary. 


in production costs, and 

The potential uses of magnesium sili- 
cate ceramics are so varied that it is 
impossible, within the compass of this 
article, to do more than indicate by 
reference to the few specific applications 
illustrated the direction of possible uses 
in other products. 

An interesting group of special appli- 
cations of Isolantite as an insulating 
material comprises several uses in the 
fields of therapy, surgery. and dental 
Small blocks of this material 
are used as insulation in the construc- 
X-ray Dental 


lamps, cautery instruments. and coniza- 


surger T. 


tion of tubes. mouth 
tion electrodes are other types of equip- 
ment using this tvpe of insulation. In 
such applications 


space requirements 


are usually extremely limited. the in- 
sulating material must have high me- 
chanical strength in small sections, and 
must be formed with a high degree of 


dimensional precision to permit easy, 
economical assembly. 

A newer application for this ceramic 
material is in the construction of a water- 
cooled mercury projection lamp which 
is in the course of development. where 
it serves to insulate the elements of the 
lamp. and also to insulate pipes used to 
circulate cooling water for the lamp. 
This lamp. which has a brightness ten 
times that of the 
lamp. is expected to find application in 


many photographic 


brightest tungsten 
processes апа іп 
lithography. 

An application in which both the elee- 
trical and mechanical properties of this 
material are utilized is a coupling shaft 
used between the motor and the gener: 
ator of equipment used to generate cur- 





Fig. 8 


elemen; 


Marc] 1939 





utery instruments which use Isolantite for the heating Fig. 5 
res and for the lead wire insulating tubes 


rent for lighting the towers of radio 


stations. Here it is essential that the 
frames of the motor and of the gener- 
ator be insulated from each other. an 
Isolantite rod. used for insulation. serves 
also as the intermediate shaft between 
the motor and generator. 

Magnesium silicate ceramics are ex- 
tensively used by the oil burner industry 


as the insulating material for the burner 


electrodes. Its high mechanical strength 
permits reduction in the size of the in- 


sulators without sacrifice of electrical 
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safety factor. Imperviousness to oil and 


moisture are important factors in this 
service. 

In the chemical industry. in addition 
to the 


tioned. Isolantite is used for the manu 


reaction tower packing men 


facture of valve parts. particularly 
where acids are to be handled. 

Further exploitation of this ceramic, 
long established in the radio field. but 
comparatively new as a general indus 


trial. material. is expected to. open. up 


many new possibilities. 





Fig. ә 


Crocker-Wheeler Electric Manufacturing Company 


Motor and generator in a radio tower lighting set are connected with an inter- 


mediate drive shaft made of Isolantite which also serves as an insulator 


Fig. 7—X-ray tube in 
which small blocks 
of Isolantite are used 
as insulators 


I. Greenwald Company, Ine 





General Electric z- Ray Corporation 


PostEl«et Company, Ine 


Conization electrodes and loops used in physical therapy 
employ Isolantite parts in their construction 





COMPRESSION SPRING: 


In many installations where compression springs are used, ad- йар 
n head locking screw 
justability of the spring tension is frequently required. The ‘ 


methods shown incorporate various designs of screw and nut 
adjustment with numerous types of spring-centering means to 
guard against buckling. Some designs incorporate frictional 
reducing members to facilitate adjustment especially for springs 


. o А ‘Spanner nut, split 
of large diameter and heavy wire on opposite side 


HENRY MARTIN 


Я E Spring cenfering seats МИНИН | 


er Sponner wrench ; ^ 
knur! if for light duty Hollow-head ROSY 


` 
lock nut screw turned 
down 


FIG.I ' "Spring centering seats” 
Adjusting nut 


FIG.2 
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pring retaining washer Movable lever 
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Adjustable spring seat--" 


Propuct ENGIN! ERIN 





GADJUSTING METHODS-I 



















Guard .... 
Adjusting N -— 
Screw Spring seat BUTS 
__-Tangential 
Ж Centering 
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w..less clearance 


-Recessed spring 
retainer 


Spring seat and 
centering cup 


y Adjusting 
nut 


FIG.8 


FIG.9 
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S „Буг 5 ; 5580000 
| ҮТ зы ШШ ҮШТІ) 
WNN ay nw VAM WARS << 
ССД 6 4 с 
17 1 22 Drilled holes for 


ааа. СУТ B M 
1) M р 
| р р рт spring seat 
- FIG. 11 


spring edjus Amen 7 5 Stamped 
FIG.12 
pops н 
ыы AN 


SN 
ПТ NWN 


HANNI ҮШІ: 
2%, «С есе 
SX SSSSSSS 


TA 


---, Stationary rod and flange 

























locking 
pin 




































--- Adjusting screw 









-- Rounded to Lock nut if required FIG.13 
— equalize spring 
y 9 pressure iy i 
ا‎ and conical seat Slide fit 


Slotted 





‘Plates may be counter bored 

instead of hollow milled to 

hold springs 

5” Hardened pi vor Adjustment 
and conical seat screw 

FIG.14 
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Question and Commen 


Effect of Rotation on Shrink-Fit 


MERHYLE 


Stress 


SPOTTS 


Johns Hopkins University 


When a shaft. which has a hub or disk 
rotated, the 
outward 


shrunk on. is centrifugal 


forces produced cause radial 
displacement of the disk or hub a greater 
amount than the shaft. thus reducing the 
The resulting 
disk 


and shaft may be obtained by combining 
for shrink fits and 


original contact pressure. 


pressure which exists between the 


the known equations 
rotating disks. 

books on 
strength of materials (for example Timo 
shenko “Strength of Materials.” Vol. H. 


Van Nostrand) for 


produced һу а 


ШТ equation given in 


the con 
shrink 


shaft is 


pp 928-545. 
tact 


fit between a 


pressure pe, 


disk 


» ( 


is the modulus of elasticity for 


and а solid 


where А 
the material. assumed to be the same for 
both disk shaft. a is the 
the. shaft. b is the radius of the 
disk. 
radius of the shaft exceeds the radius of 
the hole in the disk. 

When a disk of uniform thickness. hav- 
hole 


radius b is 


and radius of 
outer 
which the 


and 4 is the amount by 


radius of a and an outer 
rotated. the 


the radius of the hole is given by 


ing a 
increase u of 


Kal 


v 


> 
„ 


1 


where is Poisson’s ratio. The constant 


K is 


given by 


К T 
gE 
is the per unit volume ol 


where p weight 


the material composing the disk. o is the 


angular velocity in radians per sec.. and 


e is the acceleration of gravity. 


Similarly the will 


radius of the shaft 


bye Inecreds d һу 


Ка ) 


N 1 


Phe foregoing formulas can be utilized 


to evaluate the case of combined shrink 


fit and rotation. The figure shows a disk 


radius a and outer radius b 


with a short length of the shaft 


of inner 


together 


whose radius is greater than that of the 
When both shaft 


rotating at an 


an amount 4). 
disk 
velocity of © radians per sec.. 
the disk is 
and the 
is increased by uy. 


hole by 


and are angular 
the inner 
increased by the 


the shaft 


radius of 


amount 4, radius of 


K.C L.of shaft 


Shrunk-fit disk on shaft before and during 
rotation 


From the figure. 
ô 0 i 
values of u 


Substituting the and uy 


we obtain 


Kab (i t u 
1 ғғ ) 


By substituting this value of ? in equa- 


from equations (2) and (1). 


tion (l), the value of the contact pres- 
sure when shaft and disk are rotating is 
obtained. Performing this operation. to- 
gether with the substitution of the value 


of K from equation (3) yields 


Е б 34+-u) pba 
2 ( ) а tg E 
This value of pe is of course the com- 
pressive stress in the radial direction in 
the disk at its 
If the material under consideration is 
«steel. E 20.000.000 lb. in.” p 0.3, 


inner boundarv. 


Rp 


and p 0.283 lb. in." Further. 


30 


tions per minute. and g is 


where N is the number of revolu 


32 9 К 1? 


in. sec” Using the above values. equa 


| reduces to 


1 а 
” g ( ы) 


30.000.000 ^ 


a 


tion | 


0.00000663 /? № 


is a numerical example. take а 


in.. b 10 in.. 0.001 and \ 


a 
From equation (8) con 
9.740 Ib..' in. 

be compared 


3.600 r.p.m. 
tact pressure р, 
This result 
13.650 Ib. in. 
parts are not rotating as given by equa 
К). 


equal to zero. the speed at which contact 


may with 


contact pressure when the 
tion If p. in equation (8) is set 
pressure vanishes can be computed: in 
the foregoing example this would occur 
at 6.730 r.p.m. 

The stress in the tangential direction 
S;, may also be obtained by combining 
the effects of rotation and shrink fit. At 


the inner boundary of the disk. rotation 


p bw” 3+u (1 1 а ) 0 
0 4 cu b 


stress caused bv shrink fit is given 


b + a? 
) 0 
(5 a) Pe ! 


equa 


stress is 


һу 


is obtained from either 


tion (7) or (8). 


where pi 
Total stress is obtained 
by adding equations (9) and (10) gi 
ing 


S Ks 
) 
For the foregoing example this tangen 


tial stress is 20.430 lb. in.^ at the 
boundary of the disk. 


nner 


Machinability of Steels 


To the Editor: 

The the article “\ hir 
ability of Steels” which appeared `n the 
1939 number of P.E., pi 12. 


[ness 


writers of 


January 
in so far as Î can see. mention h 
but once and there only refer to “y rious 
Brinell hardness values” but give 1 » rea! 


figures. Is it possible that they по! 
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w that hardness, to some extent, lim- 
it- ihe rates of machining? Is it possible 
ts they. would attempt to classify hot 
rolled. cold. rolled and annealed unde: 
tl same comparative values? 

(here is no appreciable difference in 
the machinability rates of steels until 
one gets into heat-treated steels with a 
Brinell hardness of 255 or Rockwell 
hardness of 25 C. Modern cutting ma- 
terials have made a lot of conversation 
about the cutting rates of steel unneces- 
sary. 

| have been working with carbide tools 
and have found that hardness is the 
only real property of steel to consider 
when using them. There is no appreci- 
able difference in the cutting rates. al- 
though a different grade of carbide for 
the higher alloys and for the low alloys 
or for the straight carbon steels would 
be necessary. 

| would like to ask the authors what 
rates of speed they would consider "fair" 
when machining say SAE 1112 steel. 
With carbide tools the reply would be: 
if the depth of cut is ẹẹ in.. and the 
speed 0.012 in., then the speed would be 
600 or even as much as 900 surface ft. 
per min. depending on the machine. 

C. G. WILLIAMS, 
Davenport, lowa. 


To the Editor: 


Referring to the letter from Mr. Wil- 
liams whose criticism we deeply ap- 
preciate, if he will examine the chart 
given in the article he will note that the 
Brinell hardness for each particular steel 
mentioned is specifically plotted. While 
hardness has a direct influence on ma- 
chinability. it must be remembered that 
such other factors as shearing strength. 
ductility, the effect of mass ferrite in 
steels below 0.30 per cent carbon and 
grain size are also factors which can- 
not be ignored. 

\\ ith the use of carbide tools and 
special heavy. duty. machine tools. it is 
possible to obtain machinability values 
greatly in excess of those being obtained 


in a great many plants. 


These plants. 
howe ver, 


are doing a great variety of 
work and are more or less specification 
shops. Due to the high first cost of 
specially built machine tools they are 


necessarily limited to the use of average 


fabricating equipment and 18-4-1 high 
speed tools. It was this type of plant 


lor. à h we believed a relative ma- 
chinabilityv chart would be of value. 
It i- also possible with 18-4-1 tools 


under leal conditions to exceed the 
тас! ility values shown in the chart. 
It mu e remembered that the values 
quote e the general average for a 
ereat ety of work over a long period 
of tin ı4 should only be regarded as 
such. t. we believe that there are a 
great mber of specification shops 
where 


number of pieces of work for 
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each operation is necessarily small. while 
the variety of work is very large. This 
makes it difficult to justify the purchase 
of highly individually specialized ma- 
chine tools. and it is with this thought 
in mind that the machinability chart was 
published. 

In regard to the question of what we 
could consider a fair speed for SAE 
1112 steel we find that our latest tables 
give us surface speed of 175 ft. per min. 
with 0.035 in. depth of cut, and 0.062 in. 
speed. This is with 18-4-1 tools using 
no coolant for a semi-finish cutting opera- 
tion. The example quoted in the article 
was not a practical problem. and was 
intended to illustrate a method of select- 
ing a material, giving due consideration 
to machinability. rather than attempting 
to typify the rate of machining arrived at 
in practice. JAMES SORENSON 

The Four Wheel Drive Company 
Clintonville, Wis. 


To the Editor: 


While we appreciate that the example 
given in this article was merely for pur- 
poses of illustrating the general value of 
machinability ratings. we would like to 
point out certain factors that an engi- 
neer must take into account. While 
your Table 3 was established on the 
basis of steels selected according to their 
tensile properties, it must be remembered 
that this is not the only important item 
to be considered. Quite often the struc- 
tural conditions of the materials them- 
selves are of equal importance. 

It is even conceivable that if the 
basis of selections for the steels were 
other than tensile value. striking differ- 
ences in machinability ratings would 
have made your problem even more 
forceful. The closing paragraph of the 
article where you point out some of the 
possibilities of heat-treating. carburizing 
cr other possible operations to be per- 
formed. indicates how the selection of 
the correct steel may become difficult. 
as the number of steels suitable for 
a specific purpose will be greatly in- 
creased. 

It is my belief that too great an em- 
phasis cannot be placed on the value of 
machinability ratings particularly as the 
percentage of raw stock to be removed 
end the number of parts to processed 
increases. However in no case should 
metallurgical limitations be neglected in 
an effort to get low costs. Close co- 
operation with the metallurgist is essen- 
tial if the final design decision is to be 
correct. W. R. 

Chicago, Ill. 


To the Editor: 


Your article on the machinability of 
steels in the January number is most 
interesting and it is to be revretted that 
the figure which included the original 
cost of materials had one or two errors 
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in it which spoiled the accuracy of the 
article. For example. 25 cents extra 
should be added to the base price of the 


S.A.E. 1095 steel. I also note that you 





20 


0 1 2 3 4 5 
Pounds Stock Removed from 10-Ib. Piece 





have not allowed for the differential 
charge for S.A.E. 4300 steel, which will 
actually make it the most expensive steel 
in the table. 
| am forwarding herewith a corrected 
chart which gives a slightly different pic- 
ture. While I believe this figure is 
basically correct every engineering de- 
partment should get exact costs of raw 
materials from its purchasing depart- 
ment before making a selection. 
Ep. Wesi 
Oak Park, lll. 


Auction Problem 
To the Editor: 


The solution to the animal auction 
problem by H. E. Smith in your January 
number can be made much more ele- 
gantly. By clearing the second equation 
of fractions, (noting that the 2 under 
the Z has been dropped bw printer's 
error), subtracting the first equation 
from the second and solving for y, we 
have 

100—19x 192 
у or Y 20 


ә ә 


By inspection, x must be a multinle of 
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5 in order that the second term may be 
integral, and it cannot be more than 5 
if y is to be positive. Therefore, 5 is the 
only permissible value for x. 

Where there is one more variable than 
equations, as here, the solution is inde- 
terminate. and. there. will be an infinite 
uumber of sets of values for the variables 
as solutions. If these values are restricted 
to positive integers, as they are by the 
nature of this problem, the number is 
greatly reduced: in this case, the num- 
ber reduced to one. CaRL P. NACHOD 
Vachod & U.S. Signal Company 


Not Too Modern. Please 
HAL FALVEY 


W. W. Garrison & Company 


What the public seems to want is not 
something new at all. but what they have 
always had. done up in a new, but not- 
too-new package. Contrasting design ex- 
perience of an automobile manufacturer 
and a fountain pen maker serve to illus- 
trate this point. The car builder rashly 
outpaced the public a while back, pro- 
ducing an automobile with the general 
lines of a widely-publicized racing car. 
The wheels were scarcely visible, the 
radiator. hood, top and tail rolled back 
in one suave line, and the interior was 
reminiscent of an air liner. The design- 
ers were sure it would captivate the pub- 
lic. But it didn’t: it was too advanced. 
People shied away from it. Some wealthy 
people of presumably advanced tastes 
did purchase, but not enough to keep a 
production line going. Proof that the 
trouble was in the too-advanced design 
lies in the fact that when the same car’s 
lines were brought into more harmony 
with what the public thought a car 
should be like, sales responded nicely. 

Compare that with the experience of 
the fountain pen maker who did it right 
the first time. In order to make his pen 
and its advertising distinctive. he used 
streamlining. He put a bullet-shaped end 
on the cap of the pen, and another on 
the quill. completely abandoning the tra- 
ditional baseball bat-shape used for 
decades. 

As with the automobile. the new pen 
lines suggested speed and facility, both 
desirable in a writing tool. A wholly new 
impression was achieved. But note that 
the pen still came in two parts: a cap 
and a barrel. The barrel still had the 
familiar pen point on it, and the cap re- 
tained its old-time pocket clip. The whole 
thing was new, but not too new. And its 
sales have soared, and led the industry 
since, 

Examples can be multiplied. There 
was the very successful coin-operated 
machine newly re-designed, 
vet retaining the familiar coin slot, plat- 


weighing 


form and dial exactly where they had 


been on earlier models, plus the canny 
thought of printing “Step On It” on the 








weighing platform, in case the public 
didn't catch on that it was a weighing 
machine. Such design couldn't fail. It 
was new, but not too much so. 

Then. for contrast. a manufacturer 
produced a telescopic light metal duck- 
boat. In every field test it was a dandy. 
But hunters are set in their ways, charv 
of new things. It didn't look like a punt 
to them. Not enough, anyway. They 
wouldn't even try it. And so this article 
was not a commercial success. 

Product de- 
signers have gone miles ahead down a 
route that the public hasn't traveled yet. 
But people instinctively shy at the unfa- 
miliar. They must be led slowly, by the 
hand, along the road the designers long 
since traveled. Better to design the ulti- 
mate article, and then backtrack a bit 
before trving to sell it. than to lose the 


It comes down to this: 


all-important tie-up with whatever design 
has gone before. After all. the idea is to 
sell the product. 

How, then. can one tell when a design 
departs dangerously from its ancestors? 
The best way is to give it a try-out with 
actual prospective purchasers. Be sure 
they do not know this is a test. or their 
sudden self-consciousness will blur the 
spontaneous reaction vou want. [f such 
a test is not feasible. then one can only 
sit back and look coldly at the new de- 
sign and decide whether it is too radical 
to sell and whether it plainly states its 
purpose. This is not easy. beset as you 
will be by the temptation to take out all 
the newness. 

And so, out of much experience mar- 
keting devices designed bv product de- 











signers. the only practical guide tat 
has emerged for me in judging the sala- 
bility of any design is summed up read- 
ily: "not too modern, please!" Elise 
people will gape at your product, but 
they won't lay down their money for it, 


Clutch Problem 
To the Editor: 


In a certain single-plate clutch instal. 
lation, the following data apply: 


ША eid ERE a d ot 800 lb. 
Outside diameter clutch facings. .10 in, 
Inner diameter clutch facings...... 6 in 


eso cs 0.94 ft, 
Effective area. both facings. .0.697 sq. ft. 
Total inertia load ...1.75 ft.lb. per sec. 

Y similar installation is contemplated 
for a larger clutch of the same type. This 
larger clutch. should be under a strain 
proportional to that of the 
clutch in its installation. 


Torque arm of facings. ыз 


smaller 
Data on the 
larger clutch: 


ИМЕШ тысы ы Қарабақ 1200 Ib. 
Outside diameter clutch facings. 10°4 in. 
Inside diameter clutch facings... .7 in. 


Torque arm of facings ........0.374 ft. 
Effective area, both facings. .0.727 sq. ft. 
My problem is to compute the total 
inertia load which will produce in this 
clutch a strain proportional to that pro- 
duced in the smaller clutch. 
following two different lines of reason- 
ing, I have arrived at two different an- 
swers. I should appreciate any help that 
your readers may be able to extend. 
F.W.L. 
Detroit, Michigan 


In solving, 





Can You Work This One? 


H. E. SMITH 


Solution to last month's problem 


On a Bicycle Built for Two 


Tom and Harry rode the tandem for a 
distance of thirty miles, while Dick 
walked six miles. At the thirty-mile 
point, Harry continued his journey afoot 
and Tom pedaled back towards Dick. 
They met at a point ten miles from the 
start of their journey, since at their 
respective speeds Tom covered twenty 
miles back while Dick walked forward 
four miles. In the meantime, Harry had 
walked five miles toward the destination. 
Tom and Dick. riding tandem. raced 
toward the destination covering the 
33 1/3 miles in the same time that Harry 
proceeded 81/3 miles. Thus the three 
reached their destination simultaneously. 
with a total elapsed time of four hours 





and ten minutes to cover the total dis- 
tance of 43 1/3 miles. 


This month's problem 


Forward March! 

During a recent St. Patrick's Day 
parade, the men in the 
marched ten abreast. One of the brethern 
in the last row ducked into a tavern for 
a short beer. Naturally he failed to ге 
turn to the line of march. The Grand 
Marshal tried to reorganize thing: on 


procession 


the basis of nine men to the row. as 
eleven would not do. It was discovered 
the last row came out with eight men. 
He then tried successively eight, -^ven. 
six. five, four. three and two alıreast, 
but in every case, the last row wo- one 
man short. What was the miv mum 
number of Lrishmen in the parade 
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Electronic Lighting Permits 


1/100.000-Sec. Film Exposures 


New photographic technique developed by Spalding research 
| graj | | . | E 


laboratory will aid analytical studies of complicated motions 


NEW PROCESS of photography. at a 
A greater degree ot speed than ever 
before —to 1 100.000 sec. exposure—has 
been developed by A. 6. Spalding & 
Bros. The demonstration of the process 
was made coincident with an announce- 
ment of the establishment of a research 
department as a separate division of the 
company. incorporating Spalding’s test 
ing laboratory at Chicopee. Mass... the 
largest sporting equipment laboratory 
in the world. 

The research division will be under 
the direction of Dr. J. B. Dickson. who 
has been on the Spalding scientific. staff 
for the last fifteen years. Consultants 
of the department are George S. Rad- 
Arthur 
D. Little. Incorporated. of Cambridge. 


ford. consulting engineer. and 


Mass. The activities of the research de- 
partment are coordinated with the other 
activities of the company. and will ex- 
tend to the sports field the same re- 
search technique which has been suc- 
cessfully applied in the automobile. elec 
trical goods and chemical industries. 
Many of the photographs shown at 
the demonstration illustrated Dr. Edger 
ton's most recently developed technique. 
multiple high speed exposure, in which 
successive exposures of 1/100.000 sec. 
each are made at rates up to 600 per 
sec. Куеп single exposures timed as 
short as 1/100,000 sec. are very far be- 
yond the range of the conventional 
camera where top exposure is limited to 
about 1/1500 «ес. by the obvious diffi- 
culty moving a mechanical shutter and 
the inadequacy of usual light sources. In 


this ‹ the ultra-speed photography was 


used the study of the game of golf. 
but it an be applied to the photography 
of rap! motion in any field. 

Phot craphy with such short expo- 
sures possible by the use of modern 
electri lighting and control devices. 
by wl shorter exposures are possible 
and t timing of the flashes is under 
асспга! control. With the new process. 
light ı gas-filled tubes can be con- 
trolled urately so that intense flashes 
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of light occur at exactly spaced intervals 
of time in almost any desired fashion. 
The exposure time is determined by the 
duration of the flash of light from a 
gas-filled tube and not by a mechanically 
moving shutter. This is accomplished by 
the sudden release at the desired time 
of electrical energy stored in a con 
denser. By taking superimposed photo- 
graphs at successive intervals of time, a 
composite photograph of a complicated 


motion can be made. 


Summary of Recent 
Research on Silver 


ee by a group of leading 
KJ American silver-producing compa- 
nies. the metallurgical program has ad- 
vanced to the point where tensile test 
data have been obtained showing the 
effect of small additions of silver on the 
properties of a number of commercial 
alloy types. Were silver as low priced as 
the more common alloying elements, the 
improvement in properties resulting from 
addition of a small percentage ol silver 
would be of great practical interest. At 
the present price of silver, each per cent 
of silver added increases the cost of the 
alloy 614 cents per Ib. The improved 
properties commented on below must be 
balanced against the cost of the. silver 
needed for the improvement. The data on 
which the observations are based appear 
in the Seventh Progress Report prepared 
by the research associates at the National 
Bureau of Standards. 

The following alloys showed that add- 
ing about 5 per cent silver notably in 
creased the yield strength of the wrought 
alloy without commensurate loss in duc- 
tilitv: 80-20 cupronickel. alpha brasses. 
5 and 10 per cent tin bronzes. 5 per cent 
aluminum bronze. and Everdur (3 per 
cent Si. 1 per cent Mn) bronze. 

The 10 per cent tin bronze, the manga- 
nese-silicon bronze, and the 5 per cent 


119 


aluminum bronze were markedly im- 
proved by adding 3 to 5 per cent of silver 
to the alloy. The silver addition induces 
a response to precipitation hardening 
heat treatment, although some improve- 
ment was observed even without special 
heat treatment. 

Approximately 5 per cent of silver 
added to the wrought eutectic aluminum 
silicon alloy conferred substantial added 
hardness at temperatures above the soft 
ening temperature of the silver-free alloy. 
It is expected from the data obtained to 
date that silver will be found to improve 
the high-temperature properties of alu 
minum-rich alloys in general, as well as 
in the case of the Al-Si alloy mentioned. 

Lead-silver soft solders (5 per cent 
silver) have been found to make satisfac 
tory sweated joints in copper tubing 
assemblies, and such joints have good 
properties when tested at elevated tem 
perature for long periods of sustained 
loading. 

Research at the Battelle Memorial In 
stitute on bearings has brought out ad 
vantages which a silver-lead alloy (4 to 6 
per cent lead) seems to offer when com 
pared with pure silver. Effort is now 
being made to prepare steel-backed bear 
ings of this alloy bv. electrodeposition 
methods. 

Research is continuing at Rensselaer 


Polytechnic Institute on sliding silver 





2500 ton capac tv hydraulic press, built 


by the Lake Erie Engineering Corpora- 
tion for the French Air Ministry, to be 
used for forming dura'umin sections of 
airplane wings, pontoons and fuselage 
parts. Press weighs 392,000 lb.: ram is 
42 in. diameter; platens are 150 by 89 in. 
Electrically driven pumps are mounted 
on the upper deck 
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contacts. A performance comparison has 
recently been made between latest model 
starter motors equiped with copper- 
graphite and silver-graphite brushes. 

A study of temperature-pressure and 
time relationships in the cold-welding of 
silver has been completed at Lehigh Uni- 
versity. Cold-welding at temperatures as 


low as 200 deg. C. was observed. 


Powerful Televisor 


Vears Completion 


TELEVISION transmitter, designed 
A to broadcast with improved picture 
definition, will be put into operation 
within the next three months by Gen- 
eral Electric at Indian Ladder in the 
Helderberg Hills. 12 miles from Schenec- 
tady, N. Y. 

Built on top of a 1500-ft. hill with 
an antenna strung on 100-foot towers, 
this station will be at least 250 feet 
higher than the one atop the Empire 
York. To the 


south are higher hills which, with a di- 


State building in New 


rectional antenna. will tend to prevent 
the signal from causing any possible 
interference with stations in New York 
City. With a power output of 10 kilo- 
watts, the transmitter coverage will be 
the area comprising Schenectady. Al- 
bany. Troy. Amsterdam. and Saratoga. 

From an ultra short-wave transmitter 
on top of the studio building in Schenec- 
tady. the images will be relayed over 
the 12-mile gap on a 1.4 meter band to 
the main transmitter in the Helderbergs. 
where they will be broadcast for public 
reception on a wavelength in the 66-72 
megacycle band or on about 44% meters. 
[he voice accompanying the picture will 
also be broadcast on the same band, on 
a frequency immediately adjoining the 
picture, assuring reception with less in- 
terference from static than experienced 
on the regular broadcast. channels. 


Finishing Symposium 
at A.S.T.E. Convention 


\ symposium on “surface finish" —with 
proponents of all methods of accurate 
surface finishing presenting papers on 
grinding. lapping. diamond boring. hon- 
ing and "super-finishing" will be a high- 
light of the 1939 A.S.T.E. convention 
in Detroit March 14th to 18th 
“New Developments апа 


Their Effect on the Tool Engineer". will 


\ second 
“Утром. 


bring together in one evening session 
1 group of papers on new methods. ma- 
terials, and equipment. 

There will be no day-time technical 


sessions, so that tool engineers. will be 


free to visit the 1939 Machine and Tool 


Progress exhibition as well as the numer- 
ous industrial plants through which tours 
have been arranged. 


I.A.E. Presents Awards 
at Annual Meeting 


At the seventh annual meeting of the 
Institute of Aeronautical Sciences, held 
at the Pupin Physics Laboratories. New 
York, during the last week in January, 
awards were presented to A. V. de Forest 
and Russell C. Newhouse. 

Mr. de Forest received the Sylvanus 
Albert Reed award for the development 
of a method generally used in the air- 
craft industry for testing metals mag- 
netically. The Lawrence Sperry award 
was presented to Mr. Newhouse for the 
development and first practical applica 
tion of the terrain clearance indicator. 


Leipzig Fair 


HE Leipzig Trade Fair. which will 

hold its next session from March 5th 
to 13th. 1939. will comprise over 10.000 
exhibits of the newest products of thirty- 
four countries. The spring fair will be 
the 198lst session of the historic ex- 
change which has been in existence for 
more than 700 years. 





MEETINGS 


AMERICAN MANAGEMENT ASSOCIATION 
Vinth annual conference and expositi. n 
of packaging, packing and shipping. 
Hotel Astor, N. Y., March 7-9, Атегісеп 
Management Association, 330. W. 42,4 
9t, А. Ү. 


AMERICAN SOCIETY OF TOOL ENGINEENS 

Annual meeting and machinery and t 
progress exposition, Detroit, Mich., Mar 
14-18. Ford R. Lamb, executive secretary, 
2567 West Grand Blvd., Detroit, Mich 


= 2 
=~ = 


SOCIETY OF AUTOMOTIVE ENGINEERS 
Vational aeronautic meeting, Washingt: 
D. C.. March 16-17. World Automoti 
Engineering Congress, Hotel Penns 
vania, N. Y., May 22-28. Hotel Statler. 
Detroit, May 3l-June 8, Hotel Fairmont. 
San Francisco, Cal., June 6-8. John А. С. 
Warner, secretary, 29 W. 39th St.. N. Y. 


— 


AMERICAN FOUNDRYMEN’S ASSOCIATION 

4nnual convention. Cincinnati. Ohio. 
May 15-18. C. E. Hoyt, executive vice 
president, 222 West Adams St.. Chicago, 
lil. 


AMERICAN [RON AND STEEL INSTITUT! 
General meeting. Hotel Waldorf-Astoria. 
V. Y.. May 25. Walter S. Tower. execu- 
tive secretary. 350 Fifth Are.. N. Y. 


AMERICAN ELECTRO-PLATERS SOCIETY 
International convention, Asbury Park, 
V. J.. June 19-22. W. J. R. Kennedy. ex 
ecutive secretary, 90 Maynard St.. Spring 


held. Mass. 


AMERICAN SOCIETY FOR TESTING MA 
T'ERIALs — nnual meeting and exposition, 
Chalfonte-Haddon Hall, Atlantic City, 
V. J.. June 26-30. R. E. Hess, assistant 
secretary, 260 S. Broad St.. Phila.. Pa 





Typical section of extensive conveyor system installed in the new Revere Brass M. '! at 


Rome, N. Y. 


diverted from one section of conveyor to another according to the nature of the 


operation required 


The metal travels on the gravity conveyor to and from run-down nill, 
annealing furnaces, pickling and cleaning units and storage reservoir. 


Metal ca be 
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Corrosion Tests on 
Painted Steel Sheet 


ACTORS = affecting the protective 
F value of paints for steel and galvan- 
ized surfaces are being studied at the 
National Bureau of Standards. using 
accelerated laboratory corrosion tests. 
When steel is used in the form of light- 
gage sheet, protection is a matter requir- 
ing serious consideration, particularly in 
inaccessible locations, such as the inte- 
rior of walls. An important part of the 
present investigation is a laboratory 
study of the conditions affecting the dura- 
bility of paint films on steel and galvan- 
ized surfaces under conditions somewhat 


similar to those which might be encoun- 
tered in service. Special attention is being 
given to the severity of corrosion result- 
ing from moisture, and 
painted steel’ and galvanized metal panels 
are being tested in the accelerated weath- 
ering apparatus, salt spray, and in a 
condensation corrosion chamber, and 
similar panels are also exposed outdoors 
on the roof of the Chemistry building. 
Numerous pre-treatment solutions for 
both galvanized metal and plain steel. 
with about 60 priming paints, are in- 


condensed 


cluded in the investigation. 

Ain account of this work is given in a 
new Report on Building Materials and 
Structures, BMS8, now available from the 
Superintendent of Documents, Govern- 
ment Printing Office. Washington. D.C. 





Do You Know That— 


Woven Grass fiber gaskets that are 
soft, pliable. resilient and resistant to 
practically all acids except hydrofluoric, 
are now available. (5) 


A NEW TELEPHONE INSTRUMENT, pow- 
ered solely by the speakers voice, 
enables the user to call any of five other 
stations. (61 


À LUBRICATION METHOD employing col- 
loidal graphite suspended in kerosene. is 
now being used on conveyor chains oper- 
ating in high temperature zones. (7) 


Case Histories in Patent Law 


(Eprror’s Note: Be wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the law 


in specific patent cases are set forth, 


Col. H. A. Toulmin, Jr. wants it clearly 
understood “that each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 
advise you accurately.” The purpose of 
these explanations is to give a_ better 
general understanding of questions of 
patent law.) 


No. 10 


QUESTION: What methods have been 
found effective in stimulating the rank 
and file in the invention, development or 
design departments to invent new or 
better products? 


ANSWER: Since the personnel of these 
departments are already being paid sala- 
ries for the work of inventing and design- 
ing. it is unusual to pay them direct in- 
centives for their inventions. However. 
several companies have found that it pays 
well to offer indirect incentives as re- 
wards for extra effort. One concern 
which manufactures business machines 
has t set-up for development work: 

\t the top is what is known as a 


“futu demands department" which 
throu: ı research and careful study of the 
mark and probable future trends 


under! kes to determine the types of 
equip) ont which the company should 


produ in the future. This department's 
finding and recommendations are submit- 
ted t “future demands committee,” 
which isses on them and determines 
definit ı along what lines the products 


shoul developed. 


Marcel 1939 


H. A. TOULMIN, JR. 


The committee's findings are referred 
to one of the regular inventors, of which 
the company has several—all highly paid 
men. It is the job of the inventor to de- 
velop the mechanism for 
accomplishing the desired results. About 
95 per cent of the work of the inventors 
is along these lines, although, of course. 
they also frequently make suggestions for 
improvement in the product outside of 
their regular assignments. 


necessary 


Each inventor has as assistants two to 
five of the best designers on the staff. 
who work out the detailed mechanisms 
under the close supervision of the chief 
inventors. These designers are in reality 
assistant inventors and are paid accord- 
ingly. When, as often happens. these 
assistant inventors in the regular course 
of their work contribute important sug- 
gestions showing original 
thought they are usually included as joint 
inventors. The immediate value of this to 
the co-inventor is chiefly in added pres- 


ingenious 


tige although. of course, consistent merit 
of this sort is rewarded by increased sal- 
ary and ultimately by promotion to the 
rank of chief inventor. 

The bait of increased prestige and ulti- 
mate promotion to a job where they can 
be inventors independent of any supervi- 
sion has proved to be a greater incentive 
thought than direct 
money rewards. Most of the best invent- 


to independent 


ors come from the ranks of the assistant 
inventors. 

Below the assistant inventors is what 
is called the "invention designing room" 
which makes the detail drawings for 
models after the general layout of an in- 
vention has been made by the inventors 
and their assistants. 

From the draftsmen in this room. the 


assistant inventors are chosen, based 
largely upon the original inventive 
thought demonstrated by them. The 
draftsmen, being in such close contact 
with the development work are in excel- 
lent position to make suggestions in de- 
sign which are well worth while. 

The policy of promoting original 
thinkers from the rank-and-file drafts- 
men, first to assistant inventors and 
finally to full-fledged inventors has re- 
sulted in a steady flow of excellent ideas 
from that source. The able and ambitious 
draftsmen covet not only the larger earn- 
ings that go with the higher jobs. but 
also the prestige that accrues both within 
and outside of the company. 

A leading company. in another branch 
of industry. which has highly organized 
research and development departments. 
also believes that it is undesirable to give 
direct bonuses for suggestions from those 
whose regular work is to assist in mak- 
ing inventions. Its experience was that to 
do so encouraged abnormal secrecy. 
based on jealousy, and this seriously im- 
paired the spirit of team work which is 
absolutely essential in such departments. 

To encourage suggestions from this 
source, the company is quick to reward 
unusually good work among its inventors. 
draftsmen and designers with salary in- 
creases. This indirectly brings cash bo- 
nuses inasmuch as the company pays 
wage dividends and makes distributions 
of the company’s stock in proportion to 
the amount of salary. 

This method, which has been in effect 
for several years has resulted in co-oper- 
ation among those in a position to make 
worthwhile suggestions and a consequent 
free and copious flow of good ideas from 
the rank and file. 





New Materials and Part 


Motor-Operated Brake 


Designed especially for 
quick. 


ing is required for stopping or holding 


applications 
where positive, “cushioned” brak 


a load. An a.c. torque motor, operating 


through a simple anti-friction ball jack 


releases the brake. When the brake is 
fully released. the torque motor is stalled 
When the 
opened the heavy. helical torque spring 
sets the brake. A slight flywheel action 


wross the line. circuit is 


of the rotor provides smooth. cushioned 
braking 
providing maximum torque 
160. 400. 800. 1.600 and 3.200 lb.ft. on 


Brake is available in five sizes. 


ratings of 


intermittent duty. Continuous duty rat 
ings are slightly lower. Available for all 
commercial frequencies and voltages. De 
scriptive Bulletin 508 available. Cutler 
Hammer. Inc.. 296 North. 12th. St.. Mil 
waukee. Wis 


fir-Cooled Power Resistors 


Developed to meet the demand for a 
power resistor that was smaller. mor: 


adaptable for various mounting arrange 


ments, cooler running in smaller spaces. 


and that would not be affected bv mois 


i£ 
| | ! | 


we) j 


ture and atmospheric conditions. Type 
CA resistors are manufactured in stand- 
ard size units measuring 1?4 in. long by 
lig in. O.D. Both ends of the bobbin are 
tapped and threaded for a 6/32 screw 
Available — for 
mounting eor center tapped Or series con 


Mount 


ings are not furnished with the resistor. 


upright or horizontal 


nected for higher wattage use 


Rated at 50 watts. accuracy 3 per cent. 
resistance range 10 to 50.000 ohms. De 
Precision Re 


Newark. 


seriptive leaflet available. 
"Ilo! ( a. 22 Badger \ ve.. 


N. J. 


V ariable-Speed Pulley 


Improved “Speedmaster pulley molded 
of solid high impact strength phenolis 
plastic. trued and balanced before final 
assembly. An improved. pressure. lubri 
cated bronze sleeve allows the splined 
center sheave member to operate freely. 
regardless of load or speed. Advantages 
claimed by the manufacturer for the 
Speedmaster pulley are: a six-to-one up 
to a forty-to-one ratio of infinitely vari 
able speed. the use of standard V-belts. 
and long belt and pulley life because of 
the molded plastic work faces. Unit avail 
able in two sizes. a 3lo-in. diam. size 
for drives up to Vo hp. capacity. and a 
615-in. diam. size for drives up to 3 hp. 
capacity. Continental Machine Special 
Minneapolis. Minn. 


ties. Inc.. 


Streamlined Counters 


An entire new series of counting ma 
known as Series H Producti 


meters. including stroke and revolution 


chines. 


counters in 20 variations to fit any in 
dustrial application. Counters have dust 


8 


С 


tight metal covers with dark grav crackk 
finish, and require no attention or main 
tenance as all shafts run on oilless реа 
ings. Louvered windows and all meta 
number wheels with large black figures 
on white background make easy reading 
of the count at some distance from the 
counter, Series H  Productimeters аг 


available in stroke or rotary models: 


non-reset. wing nut reset. or tumbler 
lock reset: operating levers on left o 
right: shaft extensions on left or right 
or both ends: five or six. figures: rota 
counter clockwise. 


Milwaukee. Wis.. and 


tion clockwise or 
Durant Mfg. Co.. 
Providence, R. I. 


Light Relay 


Compact. inexpensive light switch util 
izing a conventional emissive type photo 
electric cell. feeding one stage of amplifi 
cation. The amplifier is a standard radio 
tube. the output of the tube operating a 
telephone Iv pe relay to. insure speed ol 
operation and maximum sensitivity t 
small light changes. Relay contacts ar 
rated at 75 watts. arranged for both a 
make and a break circuit. Unit is 6 iı 
long. 4% in. high and 3% in. wide. A 
companion light source is housed in al 
identical container. According to manu 


facturer. when operating under ideal cor 
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ditions. the beam of light between the 
light source and the photo-electric unit 
may extend up to 35 ft. Typical applica- 
tions of the unit include controlling con- 
yeyors. starting and stopping motors 
upon light beam interception, and many 
other applications where the frictionless 
interception of a beam of light is to close 
or open an electrical circuit to initiate 


desired actuation. Electronic Control 
Corp 2667 E. Grand Blvd.. Detroit. 
Mich 


Photoelectric Counter 


Known as Type PC-3. this counting 
equipment has been developed to meet 
the need for accurate counting of high- 
speed machinery. Equipment consists 
of photoelectric cell relay, light source, 
power supply and counter. The polar- 
ized plug connections for cables permit 
the photoelectric cell amplifier and relay 
to be readily removed for check and re- 
placement. Equipment is guaranteed to 


be accurate to 600 counts per minute 





hour. Estimated 
is 7.000 to 10.000 hr. 


or 36.000 counts per 
tube lif. 
Engineering Co.. 415 Van 
Pittsbu: h, Pa. 


Lipman 
Braam St.. 


Volding Compounds 


l'wo new asbestos-filled molding mate- 
rials, Durez 38-443 and Durez 38-646. 
lhe former was formulated specifically 
to meet Underwriters’ specifications of 
200 deg. C. for 72 hours. 
rength is 0.23 (ASTM), com- 
rength 28.000 (ASTM). heat 
190 deg. F.. 


withstaı 
Impact 
pressive 


resistan specific gravity 


| . . 

1.00. Dur: x 38-646 compound is claimed 
9 haw exceptionally low specific 
sravity f asbestos-filled molding com- 


pounds, Hiat resistance is 500 deg. F.. 
Mpact st; neth 0.19 (ASTM). flexural 
strength 00 (ASTM). 
Strength 100 (ASTM). General Plas- 
tes, In rth Tonawanda. N. Y. 


March. 39 


compressive 


be equipped with reduction gearing, re- 
verse gears and with clutch. No thrust 
bearing is required between the engine 
and propeller shaft. 
cleaner and flame arrester is furnished 


Combination air 


with all models. A single-cylinder, 1-hp. 
motor with stub shaft is illustrated. De- 
scriptive leaflet available. 


Motor Corp.. Milwaukee. Wis. 


W isconsin 


Combination Magnetic 
and Circuit Breaker 


An addition of combination magnetic 
starters and circuit breakers to their line 
Wa " of 

? 11. in. wide by 1%4 in. high. Available in 
the range of 0-25 hp. control at 110—550 


Electric Mfg. 





industrial control. Device measures 


Comparator volts a.c. The Trumbull 


Co.. Plainville. € 
in internal and external comparator " ( onn. 


with adjustable contact pressure, Model 
36B-B for measuring I.D. of small holes 
and O.D. or thickness to less than 0.0001 
in. Three basic methods of measurement 
are possible: two adjustment contact. tri- 
angular 
direct 


three adjustment and 
point 


Plates are interchangeable. 


point 
diameter three contact. 
Adjustment 
screws are located in the front of the 
base. Contact jaws are made to suit re- 
quirements for inside diameters between 
0.375 and 3.375 in. or outside sizes up to 
2.625 in. and are interchangeable for 
different sized holes or outside measure- 
ments. Federal Products Corp.. 1144 


Eddy St.. Providence. R. I. 


Marine Engines 





Protected Transformer 


Known as the "Tropex" transformer. 


protected by a complete covering of a 


special transparent and elastic compound 


which is highly resistant to adverse cli- 


matic conditions, especially excessive 





Inboard air-cooled marine engines in 
ten models ranging from 1 to 35 hp. for 
use in auxiliary or propulsion service. 


W isconsin 


models modified to suit marine service. 


These are standard engine 





They have high tension magneto with im- moisture. The Tropex finish is said to be 


pulse coupling mounted on the outside practically odorless. neat appearing and 
clean and easy to handle. Bulletin avail- 
able. Thordarson Electric Mfg. €o.. 500 


W. Huron St.. Chicago. Ill. 


for ready access. special marine carbure- 
tion, special nickel-chrome valve seat in- 


serts. Timken roller bearings. They can 





Vicrotrol Relay 


\ completely automatic, ultra-sensi- 


tive controller. entirely self-contained. 
and housed in a weatherproof case. Com 
bining the Sensitrol relay Model 705 


Model 712. the 


Mic rotrol rt lay Is designed lor an oper 


ind the power relay 


ating interval in which the power relay 
will open and t lose once edt h | Бес. 1 һе 
relay will remain closed approximately 
| sec, and open | see. These time inter- 
vals сап һе changed өп sped ial order. 
so that the device will close once each 


“сс. once each minute. ot remain 


closed continuously until conditions re 
turn to normal. Available in the same 
ranges as the Sensitrol relay Model 705. 
the Microtol relay Model 726 іс іп 
tended for use on 120 volt. 60 evele cii 
cuits, For special requirements the relay 
can be supplied for any commercial fre 
quency., at voltage ranges from 12 to 
50 volts. Weston Electrical. Instrument 
Corp., Newark. N. J. 


Cooling H ater Control 


Designated as Type TR-40. this regu 
lator was designed especially for use on 
cooling water jackets of internal сот 
bustion engines and compressors. Con 
trol consists of a piston valve operated 
by a liquid expansion thermostat. to 
throttle the flow of cooling water as 
required to maintain a constant tempera 
ture. The valve is provide | with a bleeder 
port adjustable from the outside. which 
illows à «mall amount. of cooling water 

flow at all times. A safety device in 

rm of a fusible plug prevents dam 
to the engine in the event of thermo 
failure. Control is available in sizes 
to l in. s Sarco Co.. fni 


Madison Ave.. New York. N.Y 


Votor Starter 


Complete line of starters and con 
trollers using the new Neo-Time accel- 
eration, designed for automatically con 
trolling the acceleration of either a.c. 
or d.e. motors. The Neo-Time principle 
is based on the time required to charge 
a condenser to a predetermined voltage. 
When this voltage is reached. the con 
denser discharges through an industrial 
type neon tube to cause the first 
acceleration contacto to close. When 
this contactor closes. the same timing 
circuit is re-energized to close the next 
accelerating contactor. and this operation 
is repeated until the motor is operating 
on full line voltage. An adjustable re 
sistor is placed in the condenser-charg 
ing circuit to permit a convenient means 
of varying the time. Illustration shows a 
Neo-Time starter. 
It provides a total acceleration time 


75 һр.. 230 volt. d.c.. 


varving from l5 sec. minimum to about 
160 sec. Adjustment of the 


dial varies the time between these limits 


maximum. 


and the use of resistors of different val 
ues given a longer range of time or a 
shorter range of time as desired. The 
Electric Controller & Mfg. Co.. 2682 E. 


79th St.. Cleveland. Ohio. 


Colalloy 


Colallov is an alloy of manganese. 


magnesium. silicon. aluminum (copper 


ind chromium where necessary). and 
some lesser proportions of other metals 
Depending upon the use for which it is 
intended. it is made up in a variety of 
sizes. hardnesses. strengths. endurance 
limits and other physical and mechanical 
ultimate 


12.000 to 


properties Кот example. 
strength may range from 
61.000 Ib. per sq. in.. vield strength from 
900 to 4.900. Brinell hardness from 20 


to 110. Melting temperature is 1.210 


deg. F. 
deg. C. in c.g.s. units ranges fror 


to 0.51. The complete range cover: 
than 30 alloys each suited to a p 


and thermal conductivity 


lar purpose. They will not rust, ar 
toxic and have high thermal facto: 
will not taint or damage the mosi de 
cate foods. Material is made in ali gage. 
sizes and forms of sheets, strips. flat. 
plates. seamless tubing. fittings. stru 
tural shapes. bolts, nuts. ete. Bulleti 
available. Colonial Alloys Co.. E Son 
erset. Trenton Ave. & Martha St.. Phila 
delphia. Pa. 


Pressure Gage 


A power type pressure gage хина! 
for the measurement of extremely hig 
pressures and claimed to be accurate | 
one-tenth of one per cent of the reading 
It provides accurate pressure readings 
on an indicating scale and may als 
transmit these readings to indicators ar 
recorders located at distant point 
Bailey Meter Co.. 1050 Ivanhoe Ro 
Cleveland. Ohio. 


Triple Seal 


For bearing protection against 
cant leakage. dirt. dust and n 
Seal consists of two split piston 
on each side of the housing and 
on the outside diameter to fort 
rinth seal with the two end 
the housing. Each ring has at 
tension that enables it to. turn 
shaft. If any lubricant should 
first seal. it is returned into the 
through a hole located in tl 
groove of the bottom half of thi 


Phe triple seal is made for th 
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range of standard shaft sizes, and is de- 
signed for split 
machined to allow axial freedom of the 
SKF Industries, Inc.. Front St. 
\ve., Philadelphia, Pa. 


housings which are 


bear 
& Eri 


Automatic Timer 





Designed for low cost. built-in use. the 
new Series 50 Walser automatic timer is 
quipped with silver contacts for the 
ontrol of 15 amp. of alternating current 
t 125 volts. 


nd stock timing ranges of 15. 30 and 


Switch is normally open 
4) min. are available. Timer is basically 
ind dimensionally the same as the Series 
TCH. introduced two years ago. except 
for the operating method and the newly 
lesigned switch mechanism. Model 503 
illustrated. Walser Automatic Timer Co., 
Ave.. New York, N. Y. 


120 Lexington 


Lift-Plug Valve 


Developed for use on air, water, oil. 


and gas services at working pressures 
ip to 150 lb.. and temperatures below 
100 deg. F. Valves are available in sizes 
rom 134 to 3% in. and have three ports 
with three different 


rangement. Direction of flow is changed 


styles of port ar- 


y a quarter-turn of the operating lever. 
lhe powerful leverage and screw of the 
lift-plug feature assures ease of Opera- 
ton and permits the plug to be sealed 
n the body in either of its two extreme 
Positions of travel. or in a mid-position, 
ә that all Bulletin 
Wailable Mfg. Co.. 


ports are closed. 


Valve 


Homestead 
raopolis, Pa. 





March. 30 





Sealing Compound 


\ flexible, non-hardening gasket and 
joint sealing compound, known as "Tite- 
seal.” [t is non-solvent and claimed to be 
unaffected by heat. cold or extreme fluc- 
tuations in temperature. May be used as 
a gasket where tolerance permits. with 
gaskets. as a theaded joint dressing. as a 
hller with packings. as a special insula- 
tion material. and as a rust and corrosion 
preventive. Radiator Specialty Co.. Char- 


lotte. N. C. 


Snap Switch 


\ compact. low-operating pressure, 
short-travel type snap switch. The basic 
consideration in the design of the switch 
was to accomplish a quick make or break 
with a wide air gap. and still retain 
the advantages of highly sensitive, short- 
Switch measures 


movement operation. 


lg xl: x! in. and operates on d.c. 
өг а.с. Тһе operating force required to 
open or close the switch is as low as 
) 


3 oz.. but types are available with oper- 


ating pressures as great as 124% оу. 
Plunger movement may be as short as 
0.005 in. or as long as 0.014 in. The 
switch illustrated is the single pole. nor- 
mally closed type. but it is also made 


in normally opened types. single-pole. 





double throw types. and other variations. 
available. MeDon- 
Wrigley Bldg.. Chi- 


Descriptive circular 
nell & Miller Co.. 
cago. Il. 


Hydraulic Transmission 
V hydraulic variable-speed transmis- 
sion which is claimed to give precisely 
the desired speed regardless of changes 
frequency, speed of 


in load. voltage, 


drive, oil temperature or running fits 
The drive consists of a standard Oilgea: 
fluid 


servo-motor 


transmission with micro 


stroke control 


power 
cylinder to 
adjust the pump stroke to give exactly 
the required hydraulic motor speed. Oil 
is admitted to this cylinder by a pilot 
valve. actuated by a small differential 
unit which continuously compares the 
hydraulic motor speed with time, or with 
the speed of any desired master unit. Pre- 
set speeds are held within plus or minus 





1 


+ per cent of rated speed when load 
Available in two 
types. the disk type for general commer- 


changes are gradual. 


cial applications. and the pendulum type 


which 


is required only when the fre- 


quency error in the power supply is 
greater than the tolerable error in the 
hydraulic motor Bulletin. 15800 
available. The Oilgear €o.. 1301-1117 W. 


Bruce St.. Milwaukee. Wis. 


speed. 


Zinc Pre-Finish Compound 


For treating the surfaces of zinc. zinc- 
coated and galvanized products before 
finishing. By dipping or wiping with a 
solution of the compound. called Zinsol. 
the compound causes the formation of an 
alloy. consisting of zine and another 
metal. to form on the surface. This alloy 
is chemically inert to moisture. the 
atmosphere. and organic finishes gene- 
rally. so that it forms a stable founda- 
finish. such as 


tion for any desired 


lacquer, enamel, paint or varnish. Maas 


& Waldstein Co.. Newark. N. J. 


Vagnet Wire 


Insulated with a synthetic resin of the 


polyvinyl acetal type. eliminating the 
need for protective coatings. “Formex” 


wire is said to have electrical properties 
as good as those of ordinary enameled 
wires, and according to tests is higher 
in resistance to abrasion and to common 
treating solvents. When severely twisted 


and then subjected to a temperature of 


125 deg. C 
eled wire cracks whereas Formex is not 
affected. Can be 


applications to replace enameled wire 


for one hour ordinary enam- 


utilized in nearly all 





and in many applications to replace 
enamel-cotton, enamel-paper or other 
fabric-covered wires. General Electric 


Co.. Schenectadv. N. Y. 
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Centrifugal ““Motorpump” 


Particularly suitable for compact in 


stallations. having a depth of submerg 
ence of only 614 in. Designated as No. 
205. it is identical in. performance. са 
pacity and electrical characteristics to 
their No. 206 “Motorpump.” It is avail 
able with a number of different motor 
types to meet the requirements of most 
Pump is fitted 


with a fully inclosed motor and grease 


electrical installations. 
sealed ball bearings. The stainless steel 
shaft is integral with the motor and the 
aluminum bronze impeller is the open oi 
Hvdraulically bal 


anced. the impeller is designed to allow 


non-clogging — type. 


abrasives to be discharged without ex 
cessive wear within the housing. The unit 
is suitable for supplying coolant for ma 
chine tools and light machinery where 
dirt or abrasives may be present in the 
liquid and where a moderate volume otf 
flow is desired at a low head. Brown & 
Sharpe Mfg. Co.. Providence. R. I. 


Small Magnetic Switch 


A new a.c. magnetic switch, CR7006- 
D51, developed for full-voltage starting 
of single-, two- and three-phase motors, 
Its principal features. in addition to its 
small physical dimensions. are its con 
servative electrical design. long mechan 
ical life. and low maintenance costs. 
Basically. the switch consists of a line 


contactor. with interlock to provide un- 


dervoltage protection, and two isothermic 


temperature overload relays to protect 


the motor against over-heating. These 


elements are mounted in a general- 
purpose sheet-steel inclosing case. The 
furnished with a 


open-type switch is 


rigid mounting plate to permit easy 
mounting on either an insulating or a 
conducting panel. General Electrice Co.. 


Schenectady. N. Y. 


Hydraulic Pump 


Motor-driven hydraulic pump capable 
of developing pressures up to 30.000 Ib. 
per sq. in. Also a dead weight gage for 
measuring the pressure developed. Pump 
is used for creating high test. pressures 
strength of 


for determining bursting 


cylinders and spheres. for operating 
high-pressure and hydraulic intensifiers. 
and for carrying out experiments to de 


termine the effect of high pressures and 


sudden release on various materials. 


\merican Instrument Co.. Silver Spring. 


ма. 


Valve Positioner 


For use on diaphragm control valves 
to overcome the effect of friction in the 
valve stem and top. Recommended for 
use өп air-operated control installations 
requiring close control or where there is 
considerable process lag. Valve positione: 
is claimed to assure a proportionate valve 
stem travel for even the slightest change 
in the pressure of the air from the con 
troller. Тһе Bristol Co.. Waterbury. 
Conn. 


Magnetic Clutch-Brake 


Combination clutch and brake. Styl 
“FFP,” providing friction and positive 
clutch, with brake. It can be 
at normal motor speeds. and is claimed 


engaged 


to provide smooth acceleration. positive 
non-creep running and split-second. disk 
brake stopping. Simplified control. cor 
sisting of pushbutton stations for. start 
ing. running and stopping can be cor 
veniently located to provide easy. in 
stant control. Cluteh-brake combinatio 
is particularly adaptable as a safety di 
positive drives. Stearns Mag 


netic Mfe. Co.. Milwaukee. Wis. 


vice on 


Current Transformer 


Туре Л indoor current transform 
designed to combine the. advantages í 
small size with high accuracy for mete! 
ing on low voltage circuits. Rated f 
600 volts. available in three curre 
ratings. 200/5. 400 5 and 6000.5 an 
General Electric Co.. Schenectady. \. ) 


Tool Steel 


Yn. oil-hardening. non-deforming tool 
steel. known as “Ketos.” for use wher 
toughness, non-warping and safety 
hardening are first. considerations. lt 
widest application is for blanking. trin 
ming and forming dies of intricati 
shrinking and 


) resist 


design. Freedom from 
warping combined with ability 
wear, makes it particularly suitable for 
gages, taps, master tools, blank ng dit 
and plastics molding dies. Folder TS 20 
available. Crucible Steel Co. of \meric 
537 Broome St.. New York. N. 
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Manufacturers’ Publications 


Влвитт METAI Joseph F Ryerson & ^on. 
Inc. loth & Rockwell Sts.. Chicago. Hl. 
Babbitt.” 8 pages, 8!5x1l in. Data 
physical structure of Glyco babbitt 


"Glvco 
on the 
and recommended applications for the vari 
< g ides carried in Ryerson stock. 


Batt AND ROLLER Beartncs—The_ Ball 
and Roller Bearing Co.. 
Catalog 15, 78 pages, 
Covering their line of ball and roller thrust 


Danbury. Conn. 


loose-leaf. 6x9 іп. 


bearings with illustrations and specification 
tables. including radial roller bearings and 
ournal roller bearings. Also a table of 
illlowable loads on. chrome steel balls. 


Bristol Co. Water 
wrv. Conn. Bulletin 523. Complete data on 
heir Model 6089V single-cam cycle control 


CONTROLLERS- The 


describes their 


er art prest nted. Also 
three-way leakless pilot valves with which 
the controllers are equipped. 
CYLINDERS Hanna Engineering Works. 


Bulletin 
Illustrations, di 


765 Elston Ave.. Chicago. Ill. 
228. 28 pages. 8loxll in. 
nensional. drawings and complete. specifica 
ons covering the Hanna line of cushioned 


nd non« ushioned ( vlinders. 


ELECTRICAL. DEVELOPMENTS General Ele 
Schenectady. N. Y. Booklet GED 
9x12 in. A well-illustrated. 
“Electrical 


tne Lo.. 
166. 56 pages, 
nteresting presentation of G. E. 


Development of 1938.” 


EQUIPMENT G-M Laborato 
Ave.. Chicago. Ill 
8loxll in. In 


photo 


ELECTRICAI 
ies, Inc... 17233. Belmont 
"GM Comments.” 8 pages. 
formation on their galvanometers, 


ibes, power supply units, and rheostats. 


Also ine ludes two new G M instruments 


i a new series of self venerating photo 


electric cells. 

ELE HH PRODI CTS Bulldog Electric 
Products Co.. Detroit. Mich. Catalog 391. 
06 pages. 81х10 in. Their January 1939 


talog covering their line of electric. prod 
iets, Details on their new rocker type 


lety switches and  panelboards аге in 


luded 

Кил: Cuno Engineering Corp.. Meri 
len, Co “80 Ways to Make More Money.” 
“1 pages. 8x11 in. Presenting 80 actual 
ises of Cuno continuously cleanable filters 
t work in industry. indexed in three divi 
sons to cover the process, power and heavy 
ndustrie One section is devoted to the 
‘sign engineer who works in all fields. 


GEARY TORS 


Allis-Chalmers Mfg. Co.. 


Milwauk Wis. Leaflet 2203-B. Describing 


пег ( pact. self-contained gearmotor 
speed re ers for ethcient low-speed opera 
tion, — ] drawings, installation photo 
graphs wing typical gearmotor applica- 
tions, \! table of ratings and speeds with 
W т motors, are included. 

GEARI PRIVES Westinghouse Electric 
: Mig. East Pittsburgh. Pa. Booklet 
2159. iaages, 8%х11 in. A profusely 
ustrate resentation, explaining the uses, 
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adaptations and developments of all types 
of geared drives, with special emphasis on 
the quarry. textile. pulp and 


paper. coal. 


steel and petroleum industries. and also 


other industries utilizing electrical power. 


GEARMOTORS Westinghouse Electrice & 
Mfg. Co., East Pittsburgh, Pa. Descriptive 
81х11 in. Westing 


house gearmotors, self-contained drives con 


Data 3620, 8 pages, 


sisting of a high-speed motor and necessary 
speed reducing unit, are illustrated and dis 


( ussed. 


Hose Chicago Metal Hose Corp.. Мау 
wood. Ill. Catalog G-14, 40 pages. 8!oxll 
in. Contains illustrations and 
Rex-Weld corrugated 


Rex-Tube asbestos 


engineering 


data on metal hose. 
packed hose and other 
types. and couplings recommended for each 
Featured in the “New Products” se 
Avioflex hose, RW-89 diesel 


exhaust hose. and stainless steel bellows. 


Iv pe. 


tion are their 


Host The DeVilbiss €o.. Toledo. Ohio 
Catalog HD... 24. pages, 8!5x1l їп. Contain 
ing information on their complete line of 
hose with specifications for each type cov 
ered, together with information for proper 


selection. The introductory section traces 
the product from the baled crude rubber. 
through the DeVilbiss hose factory and test 
ing laboratory. to its various finished forms 
Another section is devoted to the complete 


line of hose connections. valves. couplings 


and adapters manufactured by the company 
Westinghouse 


Pittsburgh. Pa. 
Illustrating and 


Electric \ 
Price List 


LINESTARTERS 
Mfg. Lo.. Fast 
11-200. 


De-ion non-reversing linestarters with built 


describing their 
in control-circuit transformers, designed for 
applic ations where a low voltage control СІ! 


cuit is desired. 


Масхетіс Ім<к Вкакк Stearns Magnetic 
Mfg. Co.. Milwaukee, Wis Bulletin 650 
Describing their Style DM magnetic disk 
brake. 


VIEEHANITE 
dergrift Bldg.. 
Form 100, 8 pages. 


Meehanite Metal Corp.. Van 

Pittsburgh. Pa. Booklet 
81х11. Describes and 
illustrates various adaptations of Meehanite 
to pumps subject to severe service require 
ments. Results of recent cavitation tests on 


different types of Meehanite are included 


Morors—The Louis Allis Co., Milwaukee. 
Wis. Bulletin 610. 8 pages. 8x11 in 
“General Information on NEMA Standards 


and Definitions.” including suggestions for 


the proper selection о! motors, types о! 


drives, various types of protected motors 


ind their definitions. Also. information re 


garding service factors, rated loads. torques. 


etc. 

Morongs- Westinghouse Electric & Mfg. 
Co., East Pittsburgh. Pa. “Simple Facts 
About Synchronous Motors.” 12 pages. 8!ox 


11 in. Booklet B-2164. 


synchronous motors presented in 


Descriptive data on 
language 
the layman can understand, details on proper 
selection. applications, and advantages. 
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NICKEL-— Development and Research Div.. 
The International Nickel Co.. 67 Wall St.. 
New York, N. Y. Bulletin T-15, "Engineer 
ing Properties of Nickel." 20 pages, 8'5x1l 
in. Containing extensive tabulated data on 
the mechanical properties and physical con 


ni kel. \ 


commonly used 


section is devoted to 


nickel 


stants о! 
the more special 


allows. 


NICKEL ALLOY STEELS The International 
Nickel Co.. Inc.. 67 Wall St. New York. 


N. Y. "Iron-Nk kel Allovs for Magneti 
Purposes,” Section IV, No. 2, of the Nickel 
Alloy Steels Data Book. Deseribes these 


permanent magnet alloys and also the high 
permeability alloys containing nickel. 


Turbine Co.. 
1 


OıL Puurs DeLaval Steam 
Trenton, N. J. Catalog | 
in. Illustrations and descriptive details cov 


i. 8 равех, 81х11 


ering their retary displacement pumps for 
handling fuel and crude oil. lubricating 
oils and hvdraulie oils. 

PACKING \mes Bag Machine Co 509 
Advance Bldg.. Cleveland. Ohio. Short 
Cuts in Shipping.” Setting forth in con 


densed form the results of the 
in this feld of the Ames Bag 
Company. pioneers in the 


experiences 
Machine 
manufacture of 
cotton bags for packing and shipping odd 
size machine, parts and small articles 
Macners The 


PERMANENT Indiana Steel 


Products Co.. Valparaiso, Ind. “Permanent 
Magnet Manual No. 1.7 32 pages. 8!oxIl 
in. A practical description of. application 


and control of magnetic energy as supplied 


by permanent magnets. Sections cover fac 


tors governing the use of magnetic energy. 
materials. ma«ximmiun 


permanent magnetic 


efficiency. and the design. manufacture and 


advantages of “рео” magnets A section 
of typical questions and answers about 
permanent magnets is included 


POTENTIOMETER CONTROLLERS The Fox 
Foxboro, Mass. Bulletin. 202-2. 24 
Illustrations and com 


bore Lo., 
pages, 8loxll in. 
plete descriptive details concerning the out 
standing features of their potentiometer con 
trollers for governing temperatures in mak 
glass. ceramics and 


ing iron and steel, 


chemicals Sections are also devoted to 


throttling potentiometer controllers, electric 
resistance thermometer automatic controllers 
pyvrometers, апа т 


Illustra 


potentiometer ( ontrol 


sistance thermometer controllers. 


tions of installations of the controllers are 


included. 


TEMPERATURE CONTROLLERS Burling In 
strument Co., 241 Springheld Ave. Newark 
N. J. “A Message About a Heat Dictator.” 
Illustrations and brief specifications on a 
number of their temperature control instru 


ments, 


THERMOMETERS C. J. Tagliabue Mfg. Co.. 
Park & Nostrand Aves.. Brooklyn, N. \ 
Catalog. 1170, 16. pages, 8'5x1l in. 
tive details and illustrations of their TAG 


Des rip 


dial-indieating thermometers, together with 


details on accessory equipment 


\ ALVES The Berkeley 
1381 East I7th St.. 
| pages. 8l5xll in. 


Engineering Co.. 
Ohio. Bul 


Illustrating and 


Cleveland. 
letin. 
describing their floating disk valves for the 
control of air or liquid pressures to 250 lb. 
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Books and Bulletins 





Steel and Its Heat-Treatment 


Vol. Il 


D. K. BurLENs and the metallurgical 
staff of the Battelle Memorial Institute. 

Fourth edition, 198 illustrations, 491 
pages, 6x9 in. Brown clothboard covers. 
Published by John Wiley & Sons, Inc., 
140 Fourth Ave., New York, N. Y. Price 
85.00. 


Volume II deals with the properties of 
the simple engineering steels, both car- 
bon and alloy; steels of complex com- 
position; and the special purpose steels. 
Much of the discussion not only concerns. 
as the title suggests, the heat-treatments 
of various steels but also analyzes the 
reasons for introducing the alloying ele- 
ments with their characteristics, and de- 
tails the special properties they confer 
upon steel. For the presentation of col- 
lated data covering many steels, charts 
and diagrams are used to show the influ- 
ence of basic factors. 

This second volume of the revision of 
earlier editions is a valuable guide to- 
wards making an_ intelligent choice 
among the compositions of and treat- 
ments for the special steels that are now 
available. 


The Engineers Manual 


RaLPH G. Hupson.—Second Edition, 
340 pages, 5x8 in. Flexible covers. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. Price 


$2.13. 


A compilation of engineering formulas 
including mathematics, mechanics, hy- 
draulics, heat and electricity, presented 
in a form most suitable for ready refer- 
ence. Although each formula is preceded 
by a statement explaining its application, 
practically none of the formulas is de- 
rived although the sequence of formulas 
usually follows the order of their deriva- 
tion. 

This new second edition contains revi- 
sions and extensions of all tables of 
physical constants, new steam tables and 
recomputations of all conversion factors 
affected by the latest definition of the 
British thermal unit, together with 
many additions throughout the book. 

Typical of the sections, that on mathe- 
matics includes practically all of the 
formulas for the solution of algebraic 
equations, trigonometry, mensuration, 
analytic geometry, differential and inte- 
gral calculus. For this last a table of 214 
integrals is included. The 
kinematics, 


section on 


mechanics covers relations 


of mass and space. Under kinematics are 
included equations for force, energy and 
power. Riveted joints, beams, columns 
and shafts are presented together with 
tables of properties of standard rolled 
shapes. Hydraulics, heat and electricity 
are treated in similar detail. 

A section on mathematical tables in- 
cludes the usual logarithms and trigono- 
metric functions in addition to which are 
tables on orifice and weir coefficients, of 
friction factors, steam tables, magnetic 
curves of iron and steel and similar 
tables. A table of conversion factors cov- 
ering 14 pages is an outstanding feature 


of the book. 


Fractional Horsepower A.C. 
Motors 


H. H. Jones. 189 pages, 5x7% in. 
Blue clothboard covers. Published by 
the Chemical Publishing Co., 148 La- 
fayette St., New York, N. Y. Price $3.00. 

Working principles of fractional- 
horsepower a.c. motors of various types 
are described in simple, non-technical 
style, and no advanced mathematical 
knowledge is required for solution of the 
various formulas. Practical details of 
construction, coil winding, testing and 
repairs are included, along with a chap- 
ter on silencing and suppressing of radi- 
ated interference. 

Motor types discussed are universal, 
repulsion-induction, synchronous, eddy- 
current. Chapters on each include data 
on operation, stator design, winding cal- 
culations, efficiency, starting, torque and 
applications. 


Design of Industrial Exhaust 
Systems 


Joun L. ALDEN. 220 pages, 54%x8% 
in. Blue clothboard covers. Published by 
The Industrial Press, 148 Lafayette St., 
New York, N. Y. Price $3.00. 

This book covers the theory of the 
flow of fluids and then goes into the 
design of hoods, ducts and pipes, the 
operation of dust separators, low pres- 
sure conveyors, exhaust fans and struc- 
tural details in the layout of ventilating 
systems. The data on exhaust fans con- 
cerns primarily their applications and 
operating characteristics. 

In his presentation of the subject of 
fluid flow, the author has aimed to 
gather the widely scattered information 
and data which has appeared in different 
publications but which is no longer 
readily accessible. This material has 


been selected and abridged anc рге. 
sented in a form to make it most useful 
to the designer. 

In the chapter on hood forms, the 
author first covers the theory of oper. 
ation, develops the equations for typical 
hood contours and then shows tlie de. 
signs of some typical exhaust 
such as used on woodworking saws, 
shapers, planers, sanders and hoods fo; 
metal-working abrasive processes. Hoods 
for canopies over tanks are included, 


hoods 


Theory and Applications of 
Electron Tubes 


HERBERT J. REICH.—670 pages, 614 
914 in. Blue clothboard covers. Published 
by the McGraw-Hill Book Со., Inc., 330 
West 42d St, New York, N. Y. Price 
$5.00. 


Although written primarily as a text 
book for college students, this book 
should be of considerable value to engi- 
neers for reference, since the basic prin 
ciples presented are applicable to indus. 
trial electronics, power control and elec 
trical measurements as well as to radio 
engineering. No attempt has been made 
to discuss all possible applications of 
tubes to special problems; the aim has 
been rather to cover basic principles and 
typical applications. Equivalent-circuit 
and graphical methods of analysis are 
stressed throughout. The book is com 
pletely cross-indexed and has an exten 
sive bibliography at the end of each 
chapter. 

e o o 


Industrial Instruments and Changing 
Technology 


GEORGE PERAZICH, HERBERT SCHIMMEL AND 
BENjAMIN RosENBERG— Works Progress Ad 
ministration, National Research Project, Re 
port No. M-1. 148 pages, 7x10 in. Published 
by the Works Progress Administration, Pub 
lication Section, Division of Information, 
Washington, D. C. 

This report presents the history, function 
and economic effects of measuring, recording 
and controlling devices in industry. lt ws 
prepared as one of the reports of the Na 
tional Research Project on Reemploymet! 
Opportunities and Recent Changes in Indes 
trial Techniques. The field data were col 
lected in cooperation with the Nations! 
Bureau of Economic Research. 


Methods and Equipment for 
Testing Safety Glass 
Ray B. Crepes ano C. $. Spracue—Re 
search Series No. 61, 15 pages, 0x9 I" 
Published by Purdue University, lafayette. 
Ind. 


These tests were designed to ind cate the 
mechanical, chemical and optica! charac 
teristics of the laminated combination © 
glass and plastic material. Althoug! the 2 
formation presented pertains to th- testing 
of safety glass, in many cases the esuipmet 
and methods used may be readils adapted 
for testing other materials of sh. t form 
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Magnet Coils 


Magnetic Pull and 


Spool Construction 


GRAHAM LEE MOSES 


Westinghouse Electric & Manufacturing Company 


AGNET COILS have for their purpose the 
production of a physical force to cause mechanical 
This force 
magnetic 
This magnetic flux is produced by 
a magnetic pressure or magneto-motive force. For a particu- 
lar magnetic structure with a specific air gap this magnetic 


primary 


motion or to hold against some reaction. 
is produced by magnetic flux linking the coil, 
structure and armature. 


pressure is evaluated in terms of ampere-turns. 
The calculation in detail of the ampere-turns required for 
a given magnetic circuit presents a complicated problem 
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involving a consideration of the saturation properties of the 
iron with varying reluctance of different sections as well as 
the effect of air gap. However, where air gaps are present 
the resultant flux is largely determined by the reluctance or 
magnetic resistance of the air gap. For a given air gap it is 
possible, therefore, to arrive at a rough approximation of 
the ampere-turns required to produce a given flux and result- 
ant force. For this analysis of the problem, it is assumed 
that all the ampere-turns are used entirely in overcoming the 
magnetic 


reluctance of the air gap. This assumption is 
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Fig, 1 ypical saturation curves of standard magnetic materials 
showing relation between flux density and ampere-turns 
March 1939 
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Fig. 2—Air gap pull in Ib. per sq.in. of pole area of magnets at 
various air gap lengths for different ampere-turns 
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approximately correct as long as the iron is not used at a 
flux density above the “knee” of its saturation curve. Typical 
saturation curves are shown in Fig. | for standard magnetit 
materials. 
Where A7 ampere turns 
force in Ib. 
flux densitv m lines per sq. in. 
total flux 
area in sq. in. of one pole face (assuming 
both pole faces are the same! 
length of air gap in in. 
Ihe air gap pull of any electro-magnet can be approxi- 
mated from 
B? X a 
72,130,009 


[he ampere-turns required to produce a given total flux 
can be calculated from 


І 


11 - 
3 192 


Combining Equations (1) and (2) and substituting for ф 
its value aB the 2mpere turns required to produce a given air 


eap pull can be estimaied as follows: 


17 2.660 x L » 1 F 
a 

Vmpere-turns against lb. pull per sq. in. of pole face аге 
plotted in the curves of Fig. 2 for various air gaps. 

These data should be used only as a guide in the prelimi- 
nary determination of the various factors. More accurate 
methods are extremely complicated and even these generally 
require checking by test on the final magnetic circuit. 

Magnetic coils can be divided into two general classes 


Typical One-Piece Molded Spool Construction 


Two end washers 


Split washer 
for startina 


Sea! tube 


Typical Built-Up Spool Construction 


Fig. 3 Twpical one-piece and built-up spool constructions for 
magnet coils 
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according to construction: namely. (l) those wound ip 
spools and. (2) those wound on tubes in such a manner that 
they are self-supporting without end washers. Spools may be 
either molded complete or built-up from tubes and end 
washers cemented or bonded together with resinous tate. 
rials. In general the built-up spool uses a double tube 
construction, an inner tube serving as the mechanical sup. 
port and an outer one as a seal tube separating the end 
washers. All spools for coils wound “straight-up” in a 
single section are provided with a "starting washer" in addi. 
tion to the end washers, with a slot for bringing the starting 
lead from the bottom laver to the outer surface. Sometimes 
instead of a separate slotted “starting washer.” one end 
washer has a grooved recess for bringing out the starting 
lead. A typical molded spool construction is shown in Fig, 3 
the construction of a built-up spool is also shown. 

“Self sustained” coils are those wound in “Universal” 
automatic winding machines. usually with enameled wire, 
They can be wound on a single thin wall insulating tube 
and need no end washers for mechanical support. While the 
turns are wound in a close spiral the machine winds one or 
more cotton threads in an open spiral so that the cotton lies 
diagonally along the barrel surface. The interlacing cotton 
overlaps the wire travel at each end and builds up a cotton 
wall. This performs the dual purpose of supporting the 
winding and providing an insulating barrier at the ends. 
Sometimes. particularly on coils for over 250 volts. end 
washers are added to furnish more positive mechanical 
separation of the coil from the adjacent apparatus. On this 
type of coil no slotted “starting washer” is needed. the start: 
ing lead is usually insulated by wrapping it with treated 
cloth and then embedding it in the cotton end wall. 

On spool type coils a certain amount of extra space is 
needed for tube wall thickness and for the starting washer 
while on “self-sustained” coils the cotton wall occupies 
approximately { in. at each end. On long coils the winding 
space lost because of the presence of the cotton wall is of 
little importance but on short coils it may be prohibitive. 
On short coils with few turns per laver and on coils of wire 
larger than No. 20 A.W.G.. spool construction is usually 
preferable. Coils using No. 20 wire or finer should generally 
he of the “self-sustained” type wherever length permits. 
because of the lower cost obtained with the automatic wind 
ine machines. 

Another form of self-sustained coil is that wound on 
automatic machines with paper between layers. This is 
satisfactory where a high voltage between layers is encoun- 
tered particularly on coils using very fine wire. However. 
the space factor usually is not as good as on other types 
of winding. 

In general it is desirable to. use spool wound coils on 
higher voltages particularly where creepage to ground is à 
serious problem. However. “Universal” wound coils with end 
washers properly cemented on are used very successfull 
on 600 volt d.c. service. Where proper equipment and 
trained personnel are available universal winding has 
proven satisfactory on all coils wound with enameled wire 
from No. 20 A.W.G. and smaller. With wire larger than 
Хо. 20 A.W.G.. spool wound coils are preferable a: d the 
wire should generally be wound in even layers. 
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